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*  Sir  Francis  Dafhwood,  Bart.  2  Books.. 

*  Thomas  Day,  Efq; 

Mr.  Charles  Davis,  Bookfeller,  • 

*  Sir  Hew  Dairy m pie,  Bart. 

*  Sir  James  Dalrymple,  of  Hales,  Bart. 

*  David  Dalrymple,  Efq;  Advocate. 
Major  James  Dalrymple,  of  Nunraw. 
Mr.  John  Davidfon,  Writer  in  Edin¬ 
burgh. 

John  Davidfon,  of  Whitehoufe,  Efq; 
Mr.  William  Dawfon,  Profefior  of  He¬ 
brew  in  the  Univerfity  of  Edinburgh. 

*  Sir  Matthew  Decker,  Bart. 

*  — - Dealtry,  M.  D.  at  York. 

*  James  Dewar,  ofVogrie,  Efq; 

*  Abraham  Dixon,  Efq;  of  Trinity 
College,  Cambridge. 

The  Rev.  Mr.  Dixon. 

Thomas  Dickfon,  M.  D. 

The  Rev.  Mr.  Dickens,  ofChrift-CJnirch,. 
Oxon. 

*  Robert  Dinwiddle,  Efq;  2  Books. 

Sir  Alexander  Dick,  of  Prieftfield,  Barf. 
Mr.  Robert  Dick,  Profefior  of  Philofo- 

phy  in  the  Univerfity  of  Glafgow. 

*  Anthony  Dopping,  Efq; 

*  The  Rev.  Philip  Dodderidge,  D.  D, 
of  Northampton. 

*  - Mr.  Dodfworth,  Vicar  of 

Pickering. 

James- 
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*  Arthur  Dobbs,  Efq; 

*  James  Dolliffc,  Efq-, 

*-  William  Domville,  Efqj 
James  Donaldfon,  M.  D.  Profeflor  of 
Oriental  Languages  at  Aberdeen. 

*  The  late  Hon.  Major-General  Dou¬ 
glafs.  . 

*  Henry  Douglafs,  Efq; 

*  W  illiam  Douglafs,  of  Cavers,  Efq; 

*■  Robert  Douglafs,  M.  D. 

Mr.  Alexander  Douglafs,  Apothecary. 

*  Sir  Francis  Drake,  Bart. 

*  The  Right  Hon.  George  Drummond, 
Efq;  Lord  Provoft  of  Edinburgh. 

2  Books. 

*  Mrs.  Duff,  of  Premnay. 

*  Patrick  Dunbar,  of  Marchrimore, 
Efq; 

*  Mr.  Ronald  Dunbar,  Writer  to  the 
Signet.  , 

Mr.  Duncombe,  of  Corpus-Chrifti  Col¬ 
lege,  Cambridge. 

*  Robert  Dundas,  jun.  of  Arnifton, 
Efq;  2  Books. 

*  Tames  Dundas,  Efq; 

James  Dundas,  M.  D.  at  Edinburgh. 

*  Jeremiah  Dyfon,  Efq; 

*  Mr.  Samuel  Dyer, 
r;  , 

v  E. 

*  The  Right  Hon.  the  Countefs  of  Ef- 

O 

fex. 

*  . _  the  Lord  Edgecumb. 

*  The.  Right  Rev.  the  late  Lord  Bifhop 
of  Ely. 

*  . - -  Lord  Bifhop  ot  Elphin. 

*.  John  Echlin,  Efq; 

*  Mrs.  Catherine  Edwin. 

*  Archibald  Edmonftone,  Efq; 

The  Hon.  Edward  Ed lin,  Efq;  one  of 
the  Barons  of  Exchequer  in  Scotland. 
Mr.  Andrew  Edmonftone  of  Ednam, 

*  The  Rev.  Mr.  John  Edmonftone,  Mi- 
.  nifter.  at  Cardrofs. 


Mr.  John  EUicot,  F.  R.  S. 

*  William  Elliot,  Efq;  2  Books. 

*  Welbore  Ellis,  Efq; 

*  The  Hon.  Sir  Gilbert  EUiot  of  Minto, 
one  of  the  Lords  of  Seflion. 

John  Elliot  of  Borthwickbrae,  Efq; 

Mr.  John  England,  Student  at  Edin¬ 
burgh. 

*  Mr.  John  Erfkine,  Profeflor  of  Law  in 
the  Univerfity  of  Edinburgh. 

The  Rev.  Mr.  John  Erfkine,  Minifter  at 
Kirkintilloch. 

*  Robert  Eyre,  Efq; 

Exeter  College  Library,  Oxon. 

The  Rev.  Mr.  Edwards,  Fellow  of  Jefus 
College,  Oxon. 

*  ,  —  Mr.  Etough,  Re&or  of  Thar- 
field. 

*  Emanuel  College  Library  Cambridge. 

The  Univerfity  Library  of  Edinburgh. 


F. 

•*  c  L;  -  :  .y 

*  The  Right  Hon.  the  Earl  of  Findlater 
and  Seafteld. 

_ _ —  the  Countefs  of  Findlater  and 

Seafield. 

*  The  Rev.  Dr.  Fanfhaw,  Regius  Pro- 
feffor  of  Divinity  at  Oxford. 

. —  Mr.  Fane  of  Chrift  Church,  Ox¬ 
ford. 

*  William  Fauquier,  Elq; 

*  The  Hon..  Brigadier  General  O’Farrel. 
Mr.  Jonathan  Fearnfide,  Teacher  of  Ma¬ 
thematics  at  Hull. 

Mr.  William  Fenton  of  Malton,  York- 

■ 

(hire. 

*  The  Hon.  Sir  James  Ferguffon,  Bart, 
one  of  the  Lords  of  Seflion. 

*  James  Ferguffon  of  Pitfour,  Efq;  Adv. 

*  Hon.  William  Finch,  Efq; 

*  .  .  Edward  Finch,  Efq; 

..  Flemming,  M.  D.  of  Hull.  > 

*  The  Right :  Hon.  Andrew  Fletcher, 

Ef  q;  Lord  Juft  ice  Clerk.  ■  .  n: 

-  John 
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*  -  i  S  >  l.  (.  .  . 

John  Fleeming,  A.  M.  Student  at  Glas¬ 
gow.  -  .  . 

*  Andrew  Fletcher  of  Saltoun,  jun.  Efq; 

*•  Martin  Folkes,  Efq;  P.  R.  S.  5  Books. 

*  William  Fotheby,  Efqr 

*  John  Folliot,  Efq; 

*  Mr.  David  Fordyce,  P.  P.  in  the  Ma- 
rifhal  College,  Aberdeen. 

*  ‘The  Rev;  Mr.  James  Fofter. 

*  Sir  Arthur  Forbes,  Bart. 

*  The  Right  Hon.  Henry  Fox,  Efq; 

*  Captain  Hugh  Forbes  of  his  Majefly’s 
Royal  Regiment  of  Blue  Guards. 

*  John  Fothergill,  M.  D. 

*  The  Right  Hon.  Duncan  Forbes,  Efq; 
late  Lord  Pref.  of  the  Sef.  5  Books. 

*  Hugh  Forbes,  Efq;  one  of  the  prin¬ 
cipal  Clerks  of  Sefiion. 

*  Mr.  John  Forreft,  Merchant  in  Edin¬ 
burgh. 

David  Fowlis,  M.  D.  at  Edinburgh. 

*  Frederick  Frankland,  Efq; 

The  Rev.  Mr.  Friend,  Prebendary  of 
Weftminfter. 

William  Freeman,  Efq; 

*  The  Hon.  Alexander  Frazer  of  Stri- 
chen,  Efq;  one  of  the  Lords  of  Sef- 
fion. 

*  John  Fuller,  Efq; 

*  Mr.  Stephen  Fuller. 

*  Henry  Furnefe,  Efq; 

Mr.  William  Fuller. 

William  Fullarton  of  Fullarton,  Efq; 

*  The  Right  Hon.  the  Earl  Fitzwilliam. 

Mr.  Fatham,  Fellow  Commoner  of 

Chrift’s  College,  Cambridge. 

Mr.  Fearon  of  Trinity  College,  Cam¬ 
bridge. 

Mr.  Felting  of  Trinity  College,  Cam¬ 
bridge. 

Mr.  J.  Fletcher,  Bookfeller,  Oxon,  2 
Books. 

The  Rev.  Mr.  Froft  of  Exeter  College 
Oxon. 

*  Mr.  Stephen  Fryer  of  Newcaftle, 

Marmaduke  Fothergill,  Efqj 
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*  His  Grace  the  Duke  of  Gordon. 

*  Her  Grace  the  Dutchefs  of  Gordon. 

*  The  Right  Hon.  the  Earl  of  Gallo¬ 
way. 

*  — —  the  Earl  of  Glafgow. 

*  ■  ■  the  Counted  of  Glencairn. 

*  - —  the  Earl  of  Granville. 

*  - -  the  Lord  Vifcount  Galway. 

*  —  the  Lord  Glenorchy. 

*  The  Right  Rev.  the  Lord  Bifhop  of 
Glocefter. 

*  The  Right  Hon.  Lord  Adam  Gordon. 

William  Gardner  of  Richmond,  Efq; 

*  — -  ■«  Garden  of  Troop,  Efq; 

Francis  Garden,  Efq;  Advocate. 

Mr.  Gifburn  of  Clare  Hall,  Cambridge, 

Mr.  Philip  Gibbs. 

James  Gibbs,  Efq; 

*  Thomas  Gibfon,  Efq;  one  of  the  prin¬ 
cipal  Clerks  of  Sefiion. 

*  Mr.  Jofeph  Gitten,  Student  of  Medi¬ 
cine  at  Edinburgh. 

*  The  Rev.  John  Gillies,  Minifter  at 
Glafgowi 

— —  John  Gillies,  Minifter  at  Ca- 

raldfton 

Mr.  Robert  Gillies,  Merchant  in  Bre¬ 
chin. 

*  Sir  Charles  Gilmour  of  Craigmiliar, 
Bart. 

Globery  Glynn,  M.  D. 

Glynn,  Efq;  Barriller  at  Law. 

*  James  Gordon,  Efq; 

*  Harry  Gough,  Efq; 

The  Rev.  Mr.  Godwyn,  Fellow  of  Ba- 
liol  College,  Oxon. 

*  George  Gordon,  ProfelTor  of  Oriental 
Languages  in  King's  College,  Aber¬ 
deen. 

Mr.  Thomas  Gordon,  ProfefTor  of  Hu¬ 
manity  in  Aberdeen. 

*  James^Gordcn  of  Pitlurg,  M.  D.  Pro- 

tdfor 
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fefior  of  Medicine  in  Marittial  College, 
Aberdeen. 

The  Rev.  Mr.  Theodore  Gordon,  Mi- 
nifter  at  Kennethmount. 

*  Mr.  Alexander  Gordon,  Surgeon  at 
of  Dumfries. 

Mr.  John  Gordon,  Surgeon  at  Glafgow. 

*  The  Rev,  Mr.  John  Gowdie,  Profeffor 
of  Divinity  at  Edinburgh. 

*  Richard  Graham,  Efq;  F.  R.  S. 

*  Mr.  George  Graham,  F.  R.  S. 

Francis  Gregor,  Efq*, 

*  Mifs  Grenville. 

*  The  Rev.  Mr.  Green,  Prebendary  of 
Ely. 

. - Mr.  Green,  Burfar  of  St  John’s 

College,  Cambridge. 

*  John  Gray,  Efq*,  5  Books. 

*  Sir  Ludovick  Grant  of  Grant,  Bart. 

2  Books. 

*  Richard  Grenville,  Efq*, 

*  George  Grenville,  Efq*, 

*  Hon.  Patrick  Grant  of  Elchies,  Efq; 
one  of  the  Lords  of  Seffion. 

*  The  Right  Hon.  William  Grant,  Efq; 
his  Majefty’s  Advocate  for  Scotland. 

The  Univerfity  Library  of  Glafgow. 

Mr.  John  H'ddyard,  Bookfeller  in  York. 

*  James  Graham,  Efq;  Senior,  Advo¬ 
cate. 

*  Mr.  David  Graham,  Advocate. 

*  John  Graham,  Efq; 

Mr,  William  Granger,  Writing  Matter 
in  Edinburgh. 

*  Alexander  Grant  of  Ballendalloch, 

Efq; 

*  Sir  Archibald  Grant  of  Monymufk, 
Bart. 

*  Mr.  John  Grant,  j'unr.  of  Elchies,  Ad¬ 
vocate. 

*  Mr.  John  Grant,  Writer  in  Edinburgh. 

*  Mr.  John  Grant,  Writer  in  Melrofe. 

Mr.  George  Grant,  Baillie  of  Melrofe. 

Rev.  Mr.  Andrew  Gray,  Minifter  at  Eaflf 

Kilpatrick. 

*  Mf.  And.  Gray,  Merchant  in  Glafgow. 

*  James  Gray,  Elq;  of  Iron  Mill. 
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James  Gregory,  M.  D.  Profefior  of  Me¬ 
dicine  in  King’s  College,  Aberdeen. 

John  Gregory,  M.  D.  Profeffor  of  Phi- 
lofophy  in  King’s  College,  Aberdeen. 

Captain  John  Greenfield  in  Dalkeith. 

The  Rey.  Mr.  Godwyn,  Fellow  of  Ba- 
liol  College,  Oxon. 

Mr.  Green  of  Corpus  Chrifti  College, 
Oxon. 

*  James  Gie,  Efq;  of  Bifhop  Burton. 

H. 

*  The  Right  Hon.  the  Earl  of  Har¬ 
rington. 

*  - the  Earl  of  Haddinton. 

*  - the  Earl  of  Harborough. 

*  - the  Earl  of  Hertford. 

*  - the  Earl  of  Hoptoun,  2 

Books. 

*  - -  the  Earl  of  Home. 

*  - the  Lord  Vifcount  Flillfbo- 

rough. 

*  The  Right  Rev.  the  Lord  Bifhop  of 
Hereford. 

*  The  Hon.  Sir  William  Harbord,  Knight 
of  the  Bath. 

The  Rev.  Mr.  Hall,  Fellow  of  C.  C. 
College,  Oxon. 

*  Richard  Haffel,  Efq;  F.  R.  S. 

Abraham  Flail,  M.  D. 

*  John  Hamilton,  Efq;  F.  R.  S. 

*  William  Hay,  Efq*, 

*  The  Rev.  Hopton  Haynes,  A.  M. 

Nicolas  Harris,  Efq; 

*  - :  Hall,  Efq; 

*  The  Rev.  Dr.  Hayter,  Archdeacon  of 
York. 

Newbury-  Hamilton,  Efq; 

*  David  Hartley,-  M.  D. 

*  The  Hon.  Mifs  Rachel  Hamilton. 

*  Robert  Hamilton,  Efq; 

*  Benjamin  Hayes,  Efq; 

*  The  Hon.  Charles  Hamilton,  Efq; 

*  Henry  Harnage,  Efq; 

*  Mr.  John  H anbury. 

*  — - Harrington,  M.  D.  at  Bath. 

Jofeph 
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jofeph  Harvey,  M.  D.  of  Stourbridge. 

*  Casfar  Hawkins,  Efq; 

*  George  Hadow,  M.  D. 

*  Mungo  Haldane  of  Gleneagies,  Efq; 

*  Patrick  Haldane,  Efq;  Advocate,  his 
Majefty’s  Sollicitor. 

*  William  Hall,  Elq;  one  of  the  princi¬ 
pal  Clerks  of  Seflion. 

Mr.  John  Hall  near  Glafgow. 

*  Alexander  Hamilton  of  Innerwick, 
Efq; 

*  Alexander  Hamilton  of  Pencaitland, 
Efq; . 

*  Archibald  Hamilton  of  Dalziel,  Efq; 
Advocate. 

The  Rev.  John  Hamilton,  Minifter  at 
Bowton. 

John  Hamilton,  A.  M. 

Mr.  Andrew  Halyburton,  Writer  in 
Edinburgh. 

Mr.  Thomas  Haworth,  Surgeon  at  Black¬ 
burn  in  Lancafhire. 

Mr.  Cherry  Hart,  Student  at  Edinburgh. 
Hugh  Hawthorn  of  Wigg,  Efq; 

*  Alexander  Play  of  Drumelzier,  Efq; 

*  John  Hay  of  Lawfield,  Efq; 

*  The  Right  Hon.  Lady  Margaret  Her¬ 
bert. 

*  The  Hon.  Robert  Plerbert,  Efq; 

-* - Mrs.  Herbert. 

The  Rev.  Mr.  Hemington  of  Chrift 
Church,  Oxon. 

-*  -  Mr.  William  Herring,  Pre¬ 
bendary  of  York. 

Mr.  John  Hewthwaite  of  St.  John’s  Col¬ 
lege,  Cambridge. 

William  Henderfon,  M.  D.  at  Stirling. 

*  Robert  Hepburn,  Efq;  Advocate. 

The  Rev.  William  Hepburn,  Minifter  at 

Inverkeillor. 

*  - Mr.  Hill  Chaplain  to  the  Lord 

Archbifhop  of  Canterbury. 

*  John  Hill,  Efq;  2  Books. 

*  Mr.  Howel,  Surgeon. 

*  John  Holland,  M.  D.  of  Chefterfield. 

*  The  Hon.  Charles  Hope  Weir,  Efq; 
2  Books. 


Francis  Hodgfon,  Efq;  of  Pickering. 

*  Robert  Hoblyn,  Efq; 

*  Beaumont  Hotham,  Efq;  4  Books. 

*  William  Hollier,  Efq; 

*  Peter  Holford,  Efq; 

Chandos  Hofkyns,  Efq; 

*  Benjamin  Hoadly,  M.  D. 

*  Alexander  Home,  Efq;  Advocate,  his 
Majefty’s  Sollicitor. 

Henry  Home,  Efq;  Advocate. 

*  Patrick  Home  of  Billie,  Efq; 

*  The  Hon.  Alexander  Hume  Camp¬ 
bell,  Efq;  3  Books. 

*  Sir  Edward  Hulfe,  Bart. 

*  The  Rev.  Edward  Hudfon,  D.  D. 

*  Alexander  Hume,  Efq; 

Mr.  Robert  Hunter,  Profeftor  of  Greek 
in  the  Univerfity  of  Edinburgh. 

Francis  Hutchefon,  Efq;  Student  at  Glaf¬ 
gow. 

The  Rev.  Mr.  Harrifon,  Fellow  of  Tri¬ 
nity  College,  and  Hebrew  Profefibr, 
Cambridge. 

*  Mr.  Jofeph  Harris. 

The  Rev.  Mr.  Heaton,  Fellow  of  Cor¬ 
pus  Chrifti  College,  Cambridge. 

- —  Mr.  Holcombe,  Redior  of  Pul- 

chrahan. 


* .  Roger  Hope  Elletfon,  Efq;  of 
College,  Cambridge. 

Mr.  Hebden, 

Mr.  Hill, 

Mr.  Howkins, 

Mr.  Holmes, 

Mr.  Holdfworth, 

Mr.  Favel  Hopkins, 

Mr.  Hudfon, 

Mr,  George  Hugget  of  Sydney 
Cambridge. 
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*  The  Right  Hon.  John  Jdd,  Efq;  Lord 
Chief  Baron  of  the  Exchequer  in  Scot¬ 
land. 
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*  Theodore  Jacobfen,  Efq; 

*  Mr.  John  James. 

John  Jacobs,  M.  D. 

*  Adam  Inglis,  jun.  of  Cramond,  Efq; 
Advocate. 

Alexander  Inglis  of  Murdifton,  Elq; 

Mr.  John  Inglis,  Secretary  to  the  Poft- 
Offtce  at  Edinburgh 

*  William  Jones,  Efq; 

*  M.  de  Joncourt,  ProfefTor  at  Bois-le- 

due. 

John  Jolliffe,  Efq; 

The  Rev.  Mr.  Jones,  Re&or  of  Metton. 
James  Johnfton,  Efq, 

*  John  Johnfton,  M.  D.  ProfefTor  of 
Medicine  in  the  Univerfity  of  Glaf- 
gow. 

The  Rev.  Mr.  George  Johnfton,  Minif- 
ter  at  Monekie. 

*  John  Johnfton,  A.  M. 

Mr.  Cuthbert  Johnfon,  Student  at  Edinb. 
Mr.  Lewis  Johnfton,  Student  at  Edinb. 

*  Ambrofe  Ifted,  Efq-, 

*  James  Jurin,  M.  D.  F.  R.  S. 

*  Jefus  College  Library  Cambridge. 

The  Rev.  Mr.  John  Jardine,  Minifter  at 

Xibercoun. 


K. 

*  The  Right  Rev.  the  Lord  Biflhop  of 
Kildare. 

*  The  Hon.  Thomas  Kennedy,  Efq-, 
one  of  the  Barons  of  the  Exchequer 
in  Scotland. 

The  Rev.  Mr.  Keene. 

*  — - -  Kecke,  Efq-, 

*  James  Struthers  Ker  of  Littledean, 
Efq-, 

*  James  Ker,  Efq; 

*  William  Kilpatrick,  Efq;  one  of  the 
Principal  Clerks  of  Sefiion. 

The  Rev.  Mr.  Kinrofs. 

*  Ralph  Knight,  Efq; 


The  Rev.  Mr.  Knight,  Fellow  of  Trft 
nity  Col.  Cambridge. 

Mr.  Killinghall,  Fellow  Commoner  of 
Magdalen  College,  Cambridge. 

L. 

*  The  Molt  Hon.  the  Marquis  of  Lo¬ 
thian. 

*  The  Right  Hon.  the  Earl  of  Lauder¬ 
dale. 

*  — — —  the  Earl  of  Leven. 

*  - - — .  the  Earl  of  Lincoln. 

*  .  the  Earl  of  Londonderry. 

*  - Lord  Lonfdale. 

*  The  Right  Rev.  the  L.ord  Bifhop  of 
Landaff. 

Nathaniel  Lardner,  D.  D. 

*  The  Rev.  Dr.  John  Lawfon,  Senr. 
Fellow  of  Trinity  College,  Dublin. 

.  .  - Mr.  Langwith,  Curate  of  Thorn¬ 

ton. 

, — - Mr.  Larenby  of  Scarborough. 

*  - - —  Lamont,  M.  D. 

*  William  Law  of  Elvingfton,  Efq;  Ad¬ 
vocate. 

Gilbert  Lang,  A.  M.  Student  at  Glas¬ 
gow. 

Archibald  Lawfon,  A.  M. 

*■  James  Leatherland,  M.  D. 

*  James  Lever,  Efq;  F.  R.  S. 

*  The  Rev.  Dr.  Legh,  Vicar  of  Haiti* 
fax,  4  Books. 

*  Edward  Leeds,  Efq;  King’s  Serjeant 
at  Law. 

*  John  Learmont,  M.  D.  at  Edinburgh. 
Mr.  Leigh,  Gent.  Commoner  of  C.  C. 

Col.  Oxon. 

The  Rev.  Mr.  William  Leechman,  Pro- 
feflfor  of  Divinity  in  the  Univerfity  of 
Glafgow. 

John  Leith  Forbes,  of  Whitehaugh,  Efq; 

*  Thomas  Lidderdale  of  Lynn  Regis 

M.  D. 

Patrick 
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Patrick  Lindlay,  Efq;  Deputy  Secretary 
of  War. 

"*  James  Livingftone,  Efq;  Advocate. 

George  Lloyd,  Efq;  F.  R.  S. 

*  William  Locke,  Efq; 

*  John  Lockhart  of  Lee,  Efq.; 

*  George  Lockhart  of  Carnwath,  Efq. 

*  John  Lockhart  of  Caftlehill,  Efq; 

George  Logan,  A.  M. 

The  Rev.  Mr.  James  Lorimer,  Minifter 
at  Mowfwald. 

Mr.  John  Love,  Redtor  of  the  Grammar 
School  at  Dalkeith. 

*  Robert  Lowis,  M.  D.  at  Edinburgh. 

*  Monf.  Lulofs,  Profeffor  at  Leyden. 

*  The  Rev.  Mr.  Ludlam,  Fellow  of  St. 
John’s  College  Cambridge. 

*  Sir  Berkly  Lucy,  Bart. 

Mr.  Rober  Luke,  Goldfmith  in  Glaf- 
gow. 

The  Rev.  James  Lumfden,  Minifter  at 
Towil. 

*  The  Hon.  George  Lyttleton,  Efq; 

*  The  Rev.  Dr.  Lambe,  Dean  of  Peter¬ 
borough. 

Daniel  Locke,  Efq; 

Mr.  Lort  of  Trinity  College,  Cambridge. 
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*  - -  the  Earl  of  Moray. 
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*  Alexander  Macfarlane  of  Jamaica. 
Elq;  F.  R.  S. 
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*  Mifs  Medley. 

*  Mifs  Catharine  Medley. 

*  Rev.  Mr.  Menzies. 
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Mr.  Gael  Morris. 

*  Mr.  Alexander  Monro,  Profeftor  of 

Anatomy  in  the  Univerfity  of  Edinb. 

*  Mr.  John  Monro,  Student  at  Edinb. 

*  Mr.  Donald  Monro,  Student  at  Edinb. 
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*  -  William  Murray,  Efq;  his  Ma- 
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Minifter  at  Blackford. 
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*  The  Right  Hon.  the  Earl  of  Orrery. 
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at  Lunen. 
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Ely. 


/ 


Henry 


A  LIST  of  the  SUBSCRIBERS. 


Henry  Pelharr,  Efq; 

Mr.  Peel,  A.  M.  Fellow  of  Pembroke- 
Hall,  Camb. 
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*  The  Rev.  Dr.  Marmaduke  Philips. 
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at  Crichton. 
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*  The  Hon.  William  Rofs,  Efq; 
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*  - Countefs  of  Sunderland. 
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4  Books. 

Ditto,  6  Books. 

*  Sir  Hugh  Smithfon,  Bart. 

*  The  Rev.  Robert  Smith,  D.  D.  Maker 
of  Trinity  College,  Cambridge. 

*  Wavell  Smith,  Efq; 

*  Mr.  Samuel  Smith,  of  Grays  Inn. 

The  Rev.  Mr.  William  Smith,  Minifter  to 

the  Garrifon  in  the  Caftle  of  Edin¬ 
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Life  and  Writings  of  the  AUT  HOR. 


LIN  MACLAUR1N  was  defcended  of  an  ancient  family,  which 
W  had  been  long  in  podeflion  of  the  ifland  of  Tirrie,  upon  the  coaft  of 
Argylejhire.  His  grand-father,  Daniel,  removing  to  Inver  aray  greatly 
contributed  to  ledore  that  town,  after  it  had  been  almod  entirely  ruined  in 
the  time  of  the  civil  wars  ;  and,  by  fome  memoirs  which  he  wrote  of  his 
own  times,  appears  to  have  been  a  perfon  of  worth  and  fuperior  abilities. 
John  the  fon  of  Daniel ,  and  father  of  our  author,  was  minider  of  Glen - 
derule  ;  where  he  not  only  didinguifhed  himfelf  by  all  the  virtues  of  a 
faithful  and  diligent  pador,  but  has  left,  in  the  regider  of  his  provincial  fynod 
lading  monuments  of  his  talents  for  bufinefs,  and  of  a  public  fpirit.  He* 
was  likewife  employed  by  that  fynod  in  completing  the  verfion  of  the  pfalms 
into  h  iJJjy  which  is  dill  ufed  in  thofe  parts  of  the  country  where  divine 
fervice  is  performed  in  that  language.  He  married  a  gentlewoman  of  the 
family  of  Cameron, ,  by  whom  he  had  three  fons  ;  John ,  who  is  dill  living, 
a  learned  and  pious  divine,  one  of  the  miniders  of  the  city  of  Glafgow] 
Daniel i  who  died  young,  after  having  given  proofs  of  a  mod  extraordinary 
genius ;  and  Colin,  born  at  Kilmoddan  in  the  month  of  February  1698. 


His  father  died  fix  weeks  after  }  but  that  lofs  was  in  a  good  meafure  fup-. 
plied  to  the  orphan  family,  by  the  affedionate  care  of  their  uncle  Mr.  Daniel 
Maclaurin  minider  of  Kilfinnan ,  and  by  the  virtue  and  prudent  ceconomy 
of  Mrs.  Maclaurtn.  After  fome  day  in  Argylejhire ,  where  her  fiders  and 
fhe  had  a  fmall  patrimonial  edate,  fhe  removed  to  Dumbarton ,  for  the  more 
convenient  education  of  her  children  :  but  dying  in  1707,  the  care  of  them 
devolved  entirely  to  their  uncle. 


In  1709  Colin  was  lent  to  the  univerfity  of  Giafgo’w ,  where  he  continued 
five  years,  applying  himfelf  to  his  dudies  with  that  fuccefs  which  might  be 
expected  from  parts  like  his,  cultivated  with  the  mod  indefatigable  care  and 

a  diligence. 
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diligence  We  find,  amongft  his  oldeft  manufcripts,  fragments  of  a  diary 
in  which" he  kept  an  account" of  every  day,  and  of  almoft  every  hour  of  the 
dav  •  of  the  beginning  and  fuccefs  of  every  particular  ftudy,  enquny  or  in- 
veftisation  :  of  his  converfations  with  learned  men,  the  iubjeCtsot  them,  and 
the  arguments  on  either  tide.  Here  we  read  the  names  of  the  ce  ebrated 
Mr  Robert  Simfon,  Dr.  Johnfton,  and  feveral  other  gentlemen  of  learning 
and  worth  ;  who  all  vied  who  fliould  moll  encourage  our  young  philofopher, 
bv  openin'*  to  him  their  libraries,  and  admitting  him  into  their  moft  inti¬ 
mate  fociew  and  friendfhip.  He  could  not,  afterwards,  find  tune  to  keep 
fo  formal  a  regifter  of  his  life,  but  we  are  aflhred  the  habit  never  Left  him  ; 
and  that  every  hour  of  it  was  continually  filled  up  with  fomething  which  he 

could  review  with  pleafure. 

_  _  f»  *  .  y  .  i  ii 

■«.  *  -  I  i 

His  genius  for  mathematical  learning  difcovered  itfelf  fo  early  as  at  twelve 
vears  of  aee  when,  having  accidentally  met  with  a  copy  of  Euclid  \n  a 
friend’s  chamber,  in  a  few  days  he  became  mailer  of  the  firft  fix  books 
without  any  affiftance  and  thence,  following  his  natural  bent,  m.de  fu 
■a  furprizin^  progrefs,  that  very  foon  after  we  find  him  engaged  in  the  mo 
curious  and  difficult  problems.  Thus  much  is  certain,  that  in  his  fifteenth 
year,  he  had  already  invented  many  of  the  propofitions  afterwaids  pubhfl  u 
under  the  title  of  Geometria  Orgamca . 

In  the  fifteenth  year  of  his  age  he  took  his  degree  of  mailer  of  arts,  with 
oreat  applaufe ;  on  which  occafion  he  compofed  and  publicly  defended laTfo/fi 
Sn  the  power  of  gravity  :  and  after  having  fpent  a  year  in  the  ftudy  of  divinity, 
he  quitted  the  univerfity,  and  lived,  for  the  moll  part,  m  an  agreeable  country 
retirement  at  his  uncle’s  houfe,  till  near  the  end  of  1 717.  In  this  retire  men  , 

he  purfued  his  ftudies  with  the  fame  affiduity  as  he  had  done  at  the  uni¬ 
verfity  :  continuing  his  favourite  refearches  in  mathematicks  and  philofophy, 
and  at  other  time?  reading  the  beft  claffic  authors  ;  for  which  he  naturally 
had  an  exceeding  good  tafte. 

In  the  intervals  of  his  ftudies,  the  lofty  mountains  amidft  which  he  lived 
would  often  invite  him  abroad,  to  confer  the  numberlefs  natural  curiofiues 
they  contain,  and  the  infinite  variety  of  plants  that  grow  on  them  ■  or  to 
climb  to  their  tops,  and  enjoy  the  tnoft  extenfive  and  moft  diverbfied  prof- 
nedls.  And  here,  his  fancy  being  warmed  by  the  grand  fcenes  whicn  pre- 
tented  themfelves,  he  would  fometimes  break  out  int°  a  hymn  cr 
rhapfody  on  the  beauties  of  nature,  and  the  perfections  of  its  Author.  Of 
thefe  fome  fragments  ftill  remain  ;  which,  tho’  fo  unfimfhed  that  it  can  be 
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only  thro’  forgetfulnefs  they  have  not  been  destroyed,  yet  Shew  a  genius  cap¬ 
able  of  much  greater  things  in  that  way.  His  friends,  however,  are  obliged 
to  the  accidents  that  have  preferved  them,  together  with  fome  others  of  his 
juvenile  performances ;  for  however  unfit  they  may  be  for  the  public  view, 
they  (hew  the  progrefs  he  had  made  in  the  feveral  parts  of  learning,  at  the 
time  they  were  written  :  and  what  can  be  more  delightful,  than  to  ob- 
ferve  the  gradual  openings  and  improvements  of  a  mind  like  that  of  Mr. 
Maclaurin  ? 

In  the  autumn  of  1717,  he  prefen  ted  himfelf  a  candidate  for  the  profeffor- 
fhip  of  mathematics  in  the  marifhal  college  of  Aberdeen ,  which  he  obtained 
after  a  comparative  tryal  of  ten  days  with  a  very  able  competitor  :  and 
being  fixed  in  his  chair,  hefoon  revived  the  tafte  of  mathematical  learning, 
and  railed  it  higher  than  it  had  ever  been  even  in  that  univerfity. 

During  the  vacations  of  1719  and  1721,  he  went  to  London  with  a  view 
of  improving  himfelf,  and  of  being  introduced  to  the  illuflrious  men  there. 
In  his  firft  journey,  befides  Dr.  Hoadly  then  bifhop  of  Bangor,  Dr.  Samuel 
Clarke ,  and  feveral  other  eminent  men,  he  became  acquainted  with  Sir  Ifaac 
Newton  ;  whofe  friendship  he  ever  after  reckoned  the  greateft  honour  and 
happinefs  of  his  life.  He  was  admitted  a  member  of  the  Royal  Society  - 
two  papers  of  his  were  inferted  in  their  tranfaftions,  and  his  book  intitled 
Geometria  Organica  was  published  with  the  approbation  of  their  prefident. 

In  his  fecond  journey  to  London  in  1721,  he  became  acquainted  with 
MartinFolkes,  Efq;  now  prefident  of  the  royal  fociety ;  with  whom  he  thence 
forth  cultivated  a  mod  entire  and  unreferved  friendship,  frequently  inter¬ 
changing  letters  with  him,  and  communicating  all  his  views  and  improve¬ 
ments  in  the  fciences. 

In  1722,  Lord  Pohmrth ,  Plenipotentiary  of  the  King  of  Great  Britain 
at  the  congrefs  of  Cambray ,  engaged  Mr.  Maclaurin  to  go  as  tutor  and  com¬ 
panion  to  his  eldeft  fon,  who  was  then  tofet  out  on  his  travels. 

•  After  a  fit  or  t  flay  at  Paris ,  and  vifiting  fome  other  towns  in  France ,  they 
fixed  in  Lor  rain  ;  where,  befides  the  advantage  of  a  good  academy,  they 
had  that  of  the  convention  of  one  of  the  moll  polite  courts  in  Europe . 
Here  Mr.  Maclaurin  gained  the  efleem  of  the  mod:  diflinguifhed  perfons  of 
both  fexes,  and  at  the  fame  time  quickly  improved  that  eafy  genteel  be¬ 
haviour  which  was  natural  to  him,  both  from  the  temper  of  his  mind,  and 
from  the  advantages  of  a  graceful  perfon. 

'  ’  a  2  It 
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:  It  was  here  likewife  that  he  wrote  his  piece  on  the  percufTion  of  bodies, 
which  gained  the  prize  of  the  Royal  Academy  of  Sciences  for  1724  ;  the  fub- 
fiance  of  this  tratf:  is  inferred  in  his  Treatife  of  Fluxions,  and  alfo  in  Book  II. 
Chap .  2.  of  the  following  work. 

Mr.  Maclaurin  and  his  pupil  having  left  Lor  rain,  were  got  as  far  on 
their  tour  as  the  fouthern  provinces  of  France ,  when  Mr.  Hume  was  feized 
with  a  fever,  and  died  at  Montpelier.  An  event  fo  (hocking  mud  have  affeded 
a  heart  iefs  fenfible  and  tender  than  Mr.  Maclaurin' %  :  in  fome  letters,  written 
on  this  cccafion,  he  appears  quite  inconfolable.  His  own  grief  for  his  pupil, 
his  companion,  and  friend  ;  and  his  fympathy  with  a  family  to  which  he 
owed  great  obligations,  and  which  had  differed  an  irreparable  lofs  in  the 
death  of  this  hopeful  young  nobleman,  rendered  him  altogether  unhappy. 
Travelling  and  every  thing  elfe  being  now  diftafteful,  he  fet  out  imme¬ 
diately  on  his  return  to  his  profeffion  at  Aberdeen. 

But  being  univerfally  diflinguiffied  as  one  of  the  firff  genius's  of  the 
age,  fome  of  the  curators  of  the  univerlity  of  Edinburgh ,  were  defirous  of  en¬ 
gaging  him  to  fupply  the  place  of  Mr.  Gregory ,  whofe  age  and  infirmi¬ 

ties  had  rendered  him  incapable  of  teaching.  Several  difficulties  retarded  this 
defign  for  fome  time  ;  particularly,  the  competition  of  a  gentleman  eminent 
for  mathematical  abilities,  who  had  good  intereft  with  the  patrons  of  the 
univerlity  ;  and  the  want  of  an  additional  fund  for  the  new  profeffor.  But 
both  thefe*  difficulties  were  got  over,  upon  the  receipt  of  two  letters  from 
Sir  Ifaac  Newton .  In  one,  addreffed  to  Mr.  Maclaurin ,  with  allowance  to 
(hew  it  to  the  patrons  of  the  univerfity,  Sir  Ifaac  expreffes  himfelf  thus ; 

I  am  very  glad  to  hear  that  you  have  a  profpedt  of  being  joined  to  Mr. 
«<  James  Gregory  in  the  profefforffiip  of  the  mathematics  at  Edinburgh not 
“  only  becaufe  you  are  my  friend,  but  principally  becaufe  of  your  abilities, 
*c  you  being  acquainted  as  well  with  the  new  improvements  of  mathe- 
“  matics,  as  with  the  former  date  of  thofe  fciences ;  I  heartily  wiffi  you 
«  good  fuccefs,  and  (hall  be  very  glad  of  hearing  of  your  being  elected  j  I 
41  am,  with  all  (incenty,  your  faithful  friend  and  moft  humble  fervant. 

In  a  fecond  letter  to  the  then  Lord  Provoft  of  Edinburgh ,  which  Mr.  Mac¬ 
laurin  knew  nothing  of  till  fome  years  after  Sir  Ifaac  s  death,  he  thus  writes, 
"lam  glad  to  underhand  that  Mr.  Maclaurin  is  in  good  repute  amongft 
“  you  foF  his  (kill  in  mathematics,  for  I  think  he  deferves  it  very  well  ; 
“  and  to  fatisfy.  you  that  I  do  not  flatter  him,  and  alfo  to  encourage  him 
«<  to  accept  the  place  of  affifting  Mr.  Gregory ,  in  order  to  fucceed  him,  I 
"  am  ready  (if  you  pleafe  to  give  me  leave)  to  contribute  twenty  pounds 
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c«  per  annum  towards  a  provifion  for  him,  till  Mr.  Gregory's  place  become 
<C  void^  if  I  live  fo  long,  and  I  will  pay  it  to  his  order  in  London 

In  November  1725,  he  was  introduced  into  the  univerfity  :  as  was  at  the 
fame  time  his  learned  collegue  and  intimate  friend.  Dr.  Alexander  Mo?iro> 
profefLr  of  anatomy.  After  this  the  mathematical  claffe-s  foon  became 
very  numerous,  there  being  generally  upwards  of  an  hundred  young  gentle¬ 
men  attending  his  le&urcs  every  yeaf  :  who  being  of  different  Handings  and 
proficiency,  he  was  obliged  to  divide  them  into  four  or  five  clafles,  in  each 
of  which  he  imployed  a  full  hour  every  day,  from  the  firft  of  November  to 
the  firft  of  June. 

In  the  firft  or  lowed;  clafs,  (fometimes  divided  into  two)  he  taught  the  firft 
fix  books  of  Euclid's  Elements,  plain  trigonometry,  pra&ical  geometry,  the 
elements  of  fortification,  and  an  introdudion  to  algebra.  The  fecond  clafs 
ftudied  algebra,  the  1  ith  and  1 2th  books  of  Euclid ,  fpherical  trigonometry, 
conic  fedions,  and  the  general  principles  of  aftronomy.  The  third  clafs 
went  on  in  aftronomy  and  pevfpedive,  read  a  part  of  Sir  Jfaac  Newton's 
Principia ,  and  had  a  courfe  of  experiments  for  illuftrating  them,  performed 
and  explained  to  them.  He  afterwards  read  and  demonft rated  the  elements 
of  fluxions:  thofe  in  the  fourth  clafs  read  a  fyftem  of  fluxions,  the  dodrinC 
of  chances,  and  the  reft;  of  Newton's  Principia. 

All  Mr.  Madaurin's  ledures  on  thefe  different  fubjeds  were  given  with 
fuch  perfpicuity  of  method  and  language,  that  his  demonftrations  feldom 
flood  in  need  of  repetition  :  fuch,  however,  was  his  anxiety  for-  the  im¬ 
provement  of  his  fcholars,  that  if  at  any  time  they  feemed  not  fully  to  com¬ 
prehend  his  meaning,  or  if,  upon  examining  them,  he  found- they  could  not 
readily  demonftrate  the  propofitions  which  he  had  proved,  he  was  apt  rather 
to  fufped  his  own  expreffions  to  have  been  obfcure,  than  their  want  of 
genius  or  attention ;  and  therefore  would  refume  the  demonftration  in  fome 
other  method,  to  try  if,  by  expofing  it  in  a  different  light,  he  could  give 
them  a  better  view  of  it. 

Befides  the  labours  of  his  public  profeffion,  he  had  frequently  many  other 
employments  and  avocations.  If  an  uncommon  experiment  was  laid  to 
have  been  made  any  where,  the  curious  were  defirous  of  having  it  repeated 
by  Mr.  Maclaurin  :  if  an  eclipfe  or  comet  was  to  be  obferved,  his  telefcepes 
were  always  in  readinefs.  The  ladies  too  would  fometimes  be  entertained 
with  his  experiments  and  obfervations ;  and  were  furprized  to  find  with  what 
eafe  and  familiarity  he  could  refolve  the  queftions  they  put  to  him.  His 
advice  and  affiflance,  efpecially  to  the  young  gentlemen  who  had  been  his 
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pupils,  was  never  wanting  ;  nor  was  admittance  refufed  to  any,  except  in 
his  teaching  hours,  which  were  kept  facred.  His  acquaintance  and  friend- 
fhip  was  iikewife  courted  by  the  ingenious  of  all  ranks;  who,  by  their  fond- 
nefs  for  his  company,  took  up  a  great  deal  of  his  time,  and  left  him  not 
matter  of  it,  even  in  his  country  retirements.  Notwithdanding  the  ne- 
ceflary  labour  and  the  many  interruptions  and  avocations  which  he  had,  he 
continued  to  purfue  his  own  ttudies  with  the  utmoft  affiduity,  reading  what¬ 
ever  was  publifhed,  from  which  he  could  expedt  any  information  or  im¬ 
provement.  But  to  have  time  for  fo  much  dudy  and  writing,  he  was  obliged 
to  take  from  the  ordinary  hours  of  deep,  what  he  beftowed  on  his  fcholars* 
and  friends ;  and  by  this,  no  doubt,  greatly  impaired  his  health. 

Sir  Ifaac  Newton  dying  in  the  beginning  of  the  year  1728,  his  nephew 
Mr.  Conduitt  propofed  to  publifh  an  account  of  his  life,  and  defired  Mr. 
Maclaurin' s  abidance  ;  who,  out  of  gratitude  to  his  great  bmefador,  chear- 
fully  undertook  and  foon  finibied  the  hidory  of  the  progrels  which  philo- 
fopby  had  made  before  Sir  Ifaac' s  time.  This  was  the  firfb  draught  of  the 
following  work;  which  was  immediately  bnt  up  to  London ,  and  had  the 
approbation  of  fome  of  the  bed  judges.  Dr.  Rundle ,  in  particular,  after¬ 
wards  bifhop  of  Derry ^  was  fo  pleafed  with  the  defign,  that  he  mentioned 
it  to  her  late  Majedy  ;  who  did  it  the  honour  of  a  reading,  and  expreffed  a 
defire  to  fee  it  publifhed.  But  Mr.  Conduitt' s  death  having  prevented  the 
execution  of  his  part  of  the  propofed  work,  Mr.  Maclaurin' s  manufcript 
was  returned  to  him.  To  this  he  afterwards  added  the  more  recent  proofs 
and  examples,  given  by  himfelf  or  others,  on  the  fubjedts  treated  of  by  Sir 
ifaac ,  and  left  it  in  the  date  in  which  it  now  appears. 

Mr.  Maclaurin  had  lived  a  batchelor  to  the  year  1733  :  but  being  formed 
for  fociety  as  well  as  for  contemplation,  and  dedrous  of  mixing  more 
delicate  and  intereding  delights  with  thofe  of  philofophy,  he  married  Anne , 
daughter  of  Mr.  Walter  Stewart  follicitor  general  to  his  late  Majedy  for 
Scotland  ;  by  whom  he  had  feven  children,  of  which,  two  fons  John  and 
Colin ,  and  three  daughters,  have  (urvived  him. 

Dr.  Berkley  bifhop  of  Cdoyne ,  having  taken  occabon  from  fome  difputes 
that  had  arifen  concermng  the  grounds  of  the  duxionary  method,  in  a  treatife 
intitled  the  Analyjl ,  publifhed  in  1734,  to  explode  the  method  itfelf,  and, 
at  the  fame  time,  to  charge  mathematicians  in  general  with  infidelity  in  re¬ 
ligion  ;  Mr.  Maclaurin  found  it  necedary  to  vindicate  his  favourite  dudy, 
and  repel  an  accufition  in  which  he  was  mod  unjudly  included,  f  Je  began 
an  anfwer  to  the  bifhop’s  book  ;  but  as  he  proceeded,  fo  many  difeoveries, 
fo  many  new  theories  and  problems  occurred  to  him,  that,  infead  of  a 
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vindicatory  pamphlet,  his  work  came  out  a  complete  fyftem  of  fluxions, 
with  their  application  to  the  moft  confideratle  problems  in  geometry  and 
natural  philofophy. 

,  This  work  was  publilhed  at  Edinburgh  in  1742,  in  two  volumes  in  quarto  j 
in  which  we  are  at  a  lots  what  moft  to  admire,  his  folid  and  unexceptionable 
demon  ftrations  of  the  grounds  of  the  method  itfelf,  or  its  application  to  fuch 
a  variety  of  curious  and  ufeful  problems. 

His  demonfl rations  had  been,  feveral  years  before,  communicated  to 
Dr.  Berkley ,  and  Mr.  Maclaurin  had  treated  him  with  the  greateft  perfonal 
refpedt  and  civility  :  notwithftanding  which,  in  his  pamphlet  on  tar-water, 
he  renews  the  charge,  as  if  nothing  had  been  done;  for  this  excellent  rea- 
fon,  that  different  perfons  had  conceived  and  exprefled  the  fame  thing  in 
different  ways. 

A  fociety  having  fubfifted  fome  years  at  Edinburgh  for  improving  me¬ 
dical  knowledge,  Mr.  Maclaurin  propofed  to  have  their  plan  made  more 
ex  ten  five,  fo  as  to  take  in  all  the  parts  of  phyftcs,  together  with  the  anti¬ 
quities  of  the  country.  This  was  readily  agieed  to  ;  and  Mr.  Maclaurin' s 
influence  engaged  feveral  noblemen  and  gentlemen  of  the  firft  rank  and. 
character,  to  join  themfelves,  for  thatpurpofe,  to  the  members  of  the  former* 
fociety.  The  Earl  of  Morton  did  them  the  honour  to  accept  of  the 
office  of  prefident  ;  Dr.  Plummer  profeffor  of  chymiftr.y,  and  Mr.  Maclaurin 
were  appointed  fecretaries ;  and  feveral  gentlemen  of  diftindtian,  Englifix 
and  foreigners,  deflredtobe  admitted  members. 

At  the  monthly  meetings  of  the  fociety,  Mr.  Maclaurin  generally  read 
fome  performance  or  obfervation  of  his  own,  or  communicated  the  con¬ 
tents  of  his  letters  from  foreign  parts  ;  by  which  means  the  fcciety  was  in¬ 
formed  of  every  new  difcovery  or  improvement  in  the  fciences. 

Several  of  the  papers  read  before  this  fcciety,  are  printed  in  the  5th  and: 
6th  volumes  of  the  Medical Effays.  Some  of  them  are  likewlfe  publilhed 
in  the  Phi lofophi cal  Pranjddl ions ,  and  Mr.  Maclaurin  had  occafion  to  infert 
a  great  many  more  in  his  Treatife  of  Fluxions,  and  in  his  account  of 
Sir  IJaac  Newton's  philofophy.  By  which  means  the  publication  of  any 
volume  of  the  works  of  the  fociety  has  been  retarded  :  but  we  may  hope 
their  labours  will  ftill  be  continued  with  fuccefs,  notwithftanding  the  lofs 
they  have  fuftained  by  Mr.  Maclaurin' s  death.  4 
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He  likewife  propofed  the  building  an  agronomical  obfervatory ,  and  a 
convenient  fchool  for  experiments  in  the  univerfity  ;  of  which  he  drew 
an  elegant  and  well  contrived  plan  :  and  as  this  work  was  to  be  carried 
on  by  private  contributions,  he  employed  all  his  influence  to  raife  money 
for  that  purpofe  j  with  fo  much  fuccefs,  that  had  not  the  unhappy 
diforders  of  that  country  intervened,  the  fabrick  might  by  this  time 
have  been  far  advanced.  The  Earls  of  Mlorton  and  Ploptoun  (hewed  their 
liberality,  as  well  as  their  love  of  the  fciences,  upon  this  occafion  ;  as  did  the 
honourable  Baron  Clerk ,  vice-prefident  of  the  philofophical  (ociety  :  and  feveral 
noblemen  and  gentlemen  offered  to  contribute  what  inftruments  of  value 
they  were  poffeffed  of,  when  the  obfervatory  fliould  be  ready  to  receive 

them. 

The  Earl  of  Morton  being  to  fet  out  for  Orkney  and  Shetland  in  1739,  to 
vifit  his  eftates  there,  wanted  at  the  fame  time  to  fettle  the  geography  of 
thofe  countries,  which  is  very  erroneous  in  all  our  maps ;  to  examine  their 
natural  hiftory,  to  furvcy  the  coafts,  and  to  take  the  meafure  of  a  degree  of 
the  meridian  :  and,  for  this  purpofe,  delired  Mr.  Maclaui  in  s  afliftance. 
But  his  family  affairs  not  permitting  him  to  take  fuch  a  journey,  he  could 
do  no  more  than  draw  a  memorial  of  what  he  thought  neceffiry  to  be  ob- 
ferved,  furnifh  the  proper  inftruments,  and  recommend  Mr.  Short ,  the  fa¬ 
mous  optician,  as  a  fit  operator  for  managing  them. 

The  account  which  he  received  of  this  voyage,  made  him  (till  more  fen- 
fible  of  the  erroneous  geography  we  have  of  thofe  parts,  by  which  many 
fhipwrecks  have  been  occafioned  ;  and  therefore  he  employed  feveral  of  his 
fcholars,  who  were  then  fettled  in  the  northern  counties,  to  furvey  the 

coafts. 

The  reverend  Mr.  Bryce  compofed  from  obfervations  a  map  of  the  coaft 
of  Caithnefs  and  Strathnaver ,  with  remarks  on  the  natural  hiflory  and  ra¬ 
rities  of  the  country,  together  with  directions  for  fea-faring  people.  This 
map  was  prefented  to  the  Philofophical  Society  at  Edinburgh ,  and  publifhed 
by  their  order.  The  reverend  Mr.  Bonnar  drew  likewife  a  map  of  the 
three  moft  northerly  iflands  of  Shetland ,  which  is  among  Mr.  Maclaui  in  s 
papers ;  and  we  expeCt  foon  the  geography  of  the  Orkneys  corrected  by  Mr. 
Mackenzie.  It  was  from  obfervations  like  thefe,  made  by  lkilful  perfons, 
and  with  the  beft  inftruments,  that  Mr.  Maclaurin  expeCted  to  fee  a  good 
map  of  Scotland ;  not  from  the  llavifh  copying  of  map-fellers,  nor  from 
a  painful  collecting,  and  patching  together  of  old  draughts  and  fur- 
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veys  of  little  authority  ;  which  he 
petuate  than  to  rectify  errors. 


thought  mu  ft  contribute  more  to  per- 

j  r  . .  *  .  * 


Mr.  Maclaurin  had  ftill  another  fcheme  for  the  improvement  of  geo¬ 
graphy  and  navigation,  of  a  more  extenfive  nature.  After  reading  all  the 
accounts  he  could  procure  of  voyages,  both  in  the  fouth  and  north  Teas  he 
imagined  the  fea  was  open  all  the  way  from  Greenland  to  the  fouth  fea, 
by  the  north  pole.  Of  this  he  was  fo  much  perfuaded,  that  he  has 
been  heard  to  fay,  if  his  f  tuation  could  admit  of  fuch  adventures,  he  would 
undertake  the  voyage  even  at  his  own  charges.  But  when  fchemes,  for 
finding  out  fuch  a  paffage,  were  laid  before  the  parliament  in  1744,  and  he 
was  confulted  concerning  them  by  feveral  perfons  of  high  rank  and  influ¬ 
ence  j  befoi  e  he  could  finifti  the  memorials  which  he  propofed  to  have  fent, 
the  praemium  was  limited  to  the  difcovery  of  a  north- weft  paflage,  and 
Mr.  Maclaurin  ufed  to  regret  that  the  word  weft  was  inferted,  because  he 
thought  that  paflage,  if  at  all  to  be  found,  muft  lie  not  far  from  the  pole. 


Such  was  the  zeal  of  this  worthy  perfon  for  the  public  good,  in  every  in- 

ftance  ;  the  laft,  and  moft  remarkable,  is  that  which  we  are  now  going  to 
relate. 


When  it  was  certainly  known,  in  1745,  that  the  rebels,  after  having  got 
between  Edinburgh  and  the  King’s  troops,  were  continuing  their  march 
louth wards, ^  Mr.  Maclaurin  was  among  the  firft  to  roufe  the  friends  of  our 
happy  conftitution,  from  the  unlucky  fecurity  they  had  hitherto  continued 
in  :  and  tho’  he  was  fenfible  that  the  city  of  Edinburgh ,  far  from  bein?- 
able  to  ftand  the  attack  of  a  regular  army,  could  not  even  hold  out  any  con- 
fiderable  time  againft  the  undifciplin’d  and  ill-armed  force  that  was  coming 
again  ft  it ;  yet,  as  he  forefaw  of  how  much  advantage  it  would  be  to  the 
rebe-s,  to  get  pofleflion  of  that  capital  •  and,  the  King’s  forces  under  the 
command  of  Sir  John  Cope  being  daily  expected  j  he  made  plans  of  the  walls, 
propofed  the  feveral  trenches,  barricades,  batteries,  and  fuch  other  defences 
as  he  thought  could  be  got  ready  before  the  arrival  of  the  rebels,  and  by 
which,  he  hoped,  the  town  might  be  kept  till  the  King’s  forces  fliould  come 
to  its  relief.  The  whole  burden,  not  only  of  contriving,  but  alfo  of  over¬ 
feeing  the  execution,  of  thefe  hafty  fortifications  fell  to  Mr.  Maclaurhi  s 
fhare ;  he  was  employed  night  and  day,  in  making  plans,  and  running  from 
place  to  place  ;  and  the  anxiety,  fatigue,  and  cold  to  which  he  was  thus 
expofed,  affeding  a  conftitution  naturally  of  weak  nerves,  laid  the  foun¬ 
dation  of  the  difeafe  of  which  he  died. 
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How  this  plan  came  to  be  neglefted,  and  in  what  manner  the  rebels  got 
noffeffion  of  the  town,  is  not  a  proper  enquiry  for  this  place  They  g 
noffeffion  of  it  1  and,  their  fpirits  being  raifed  by  th(s  unaccountable  fuccefs, 
and  by  the  fupply  of  arms  and  provifions  which  it  gave  them,  they  foon 
after  defeated  the  King’s  troops  at  Pre/lon.  The  moderation  which  they 
bad  affedted  before  that  unhappy  battle  was  now  laid  afide,  and  obed tence 
S  o  be  given  to  whatever  proclamations  or  orders  they  thought  fit  to  iffue, 
unde,  pain5  of  military  execution.  Among  other  defpotic  orders,  one  was, 
commanding  all  who  had  been  volunteers  m  defence  of  the  town,  befou  a 
dated  time,  '’to  wait  on  their  fecretary  of  ftate,  to  fubfcribe  a  recantation  of 
what  they  had  done,  and  a  promife  of  fubmifiion  to  their  pretender  go¬ 
vernment/  under  the  pain  of  being  deemed  and  treated  as  rebels.  Mr.  Ma  - 
lauZ  had  been  too  aflive  and  dirtinguiftied  a  volunteer,  to  think  he  cou  d 
efcape  the  fevereft  treatment,  if  he  fell  into  tbeir  hands  after  negledin 
make  the  fubmiffion  required  ;  he  therefore  withdrew  privately  into  Eng  an  , 
before  ihe  laft  day  of  receiving  the  fubmiffions ;  but,  previous  to  his  efcape, 
found  means  to  convey  a  good"  telefcope  into  the  caftle,  and  concerted  a  me¬ 
thod  of  fupplying  the  garrifon  with  provifions. 

As  foon  as  his  Grace,  Dr. Thomas  Herring  thenLord  Archbiftiop  of  York,  was 
informed  that  Mr .Maclaurin  had  fled  to  the  north  of  England,  he  invited  him 
in  a  moft  friendly  and  polite  manner,  to  refide  with  him  during  his  (bay  in  that 

country.  Mr.  Maclaurin  gladly  accepted  of  the  as 

exoreffes  himfelf  thus  in  a  letter  to  a  friend  ;  Here  (lays  He]  i  live  a 
“  happily  as  a  man  can  do,  who  is  ignorant  of  the  ftate  of  his  family  and 
«,  fees  the  ruin  of  his  country.”  His  Grace  of  whofe  merit  and 

goodnefs  Mr.  Maclaurin  ever  retained  the  higheft  fentimen.s,  after waids 
kep'  a  regular  correfoondence  with  him  ;  and  when  it  was  fufpedted  that 
tte  rebels  might  once'more  take  pofleffion  of  Edsnburgh,  after  the, r  retreat . 
from  England,  invited  his  former  gueft  again  to  take  refuge  with  him. 

At  York  he  had  been  obferved  to  be  more  meagre  than  ordinary,  and  with 
•tfickly  look  ;  though  not  being  apprebeniive  of  any  danger  at  that  time,  he. 
did  no!  call  in  the  fffiftance  of!  phyfician :  but  having  ^  ^ Ufrom  h 
horfe  on  his  iourney  fouthward,  and,  when  the  rebel  army  matched  m  o 
England  having  on  his  return  home  been  expofed  to  moft  tempeftuous  cold 

Shef;  upon  &his  arrival  he  complained  of  being^much  out  of  oMer. 

In  a  little  time  his  difeafe  was  difeovered  to  be  a  dropfy  of  the  belly,  t 
move  which  variety  of  medicines,  preferred  by  the  moft  eminent  phy- 
fic^ans  at  London,,  as  well  as  thofe.  of  Edinburgh,  and  three  tappings,  were 

ufed  without  making  a  cure,  £jjs 
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His  behaviour,  during  this  tedious  and  painful  diflemper,  was  fuch  as  be¬ 
came  a  philofopher  and  a  chriftian  ;  calm,  chearful,  and  refigned  ;  his 
fenfes  and  judgment  remaining  in  their  full  vigour,  till  within  a  few  hours 
of  his  death.  Then,  for  the  firfl  time,  his  amanuenfis  to  whom  he  was 
dictating  the  la  Pc  chapter  of  the  following  work  (in  which  he  proves  the 
wifdom,  the  power,  goodnefs,  and  other  attributes  of  the  Deity)  obferved 
fome  hefitation  or  repetition  :  no  pulfe  could  then  be  felt  in  any  part  of  his 
body,  and  his  hands  and  feet  were  already  cold.  Notwithfianding  this 
extremely  weak  condition,  he  fate  in  his  chair,  and  fpoke  to  his  friend  Dr. 
Monro  with  his  ufual  ferenity  and  flrength  of  reafon,  defiring  the  Dr.  to 
account  for  a  phenomenon  which  he  then  obferved  in  himfelf :  flafhes  of 
fire  feeming  to  dart  from  his  eyes,  while  in  the  mean  time  his  fight  was 
failing,  fo  that  he  fcarce  could  diftinguifh  one  object  from  another.  In  a 
little  time  after  this  converfation,  he  defired  to  be  laid  upon  his  bed  ;  where, 
on  Saturday  the  14th  of  June,  1746,  aged  48  years  and  4  months,  he  had 
an  eafy  paffige  from  this  world  to  that  ftate  of  blifs,  which  he  had  the  molt 
elevated  ideas  of,  and  which  he  molt  ardently  longed  to  poffefs. 

The  grief  for  the  lofs  of  this  excellent  perfon  was  as  general  as  the  efteeni 
which  he  had  acquired,  with  all  ranks  of  men  :  but  thofe  of  greatelt  worth, 
and  who  had  moft  intimately  known  him,  were  the  molt  deeply  affedhed. 
Dr.  Monro ,  in  an  oration  fpoken  at  the  firft  meeting  of  the  univerfity  after 
Mr.  Maclaurin^  death  (from  which  the  fubftance  of  the  foregoing  account 
is  taken)  gives,  particularly,  a  very  moving  pdture  of  the  grief  of  the  late 
Lord  Prefident  Forbes ,  on  this  occafion.  A  likenels  of  character,  and  a  per¬ 
fect  harmony  of  fentiments  and  views,  had  clofely  united  them  in  their 
lives  ;  in  their  deaths,  they  were  alas  !  too  little  divided  :  the  prefident 
likewife,  worn  out  in  the  fervice  of  his  country,  was  foon  to  be  the  fubjed 
of  a  general  mourning. 

In  the  fame  difeourfe  the  Dodtor  fhews,  in  a  variety  of  inftances, 
that  acute  parts  and  extenfive  learning  were,  in  Mr.  Maclaurin ,  but 
inferior  qualities  that  he  was  (till  more  nobly  diftinguifhed  from  the 
bulk  of  mankind,  by  the  qualities  of  the  heart  $  his  fincere  love  to  God 
and  Men,  his  univerfal  benevolence  and  unaffedted  piety  ;  together 
with  a  warmth  and  conftancv  in  his  friendships,  that  was  in  a  manner  pecu¬ 
liar  to  himfelf.  He  profeffes  likewife,  that  after  an  intimacy  with  him  for 
fo  many  years,  he  had  but  ha'f  known  his  worth  which  then  only  dif- 
clofed  itfelf  in  its  full  luflre,  when  it  came  to  fuffer  the  fevere  tefl  of  that 
diftrefsful  fituation,  in  which  every  man  muff  at  laft  find  himfelf-  and 
which  only  minds  prepared  like  his,  armed  with  virtue  and  chriftian  hope, 
can  bear  with  dignity. 
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But  the  bounds  we  are  confined  to,  do  not  permit  us  to  follow  the  pro- 
feffor  in  this  delightful  track  ;  nor  would  the  modefty  of  Mr.  Maclaurins 
furviving  friends  bear  with  our  being  fo  particular.  We  mull  content 
ourfelves  to  confider  him  in  the  character  in  which  he  was  univerfally  known  ; 
by  giving  a  fhort  account  of  his  works,  and  of  the  tafte  and  manner  in 
which  he  cultivated  the  mathematical  fciences  j  purfuing  with  fuch  inde¬ 
fatigable  pains,  ftudies  that  feem,  to  many,  rather  curious  than  ufeful. 

His  firft  work,  compofed  in  his  early  youth,  was  the  Geometria  Orga- 
nica ,  in  which  he  treats  of  the  defcription  of  curve  lines  by  continued  mo¬ 
tion.  The  firft  and  fimpleft  of  curves  is  defcribed  by  the  motion  of  a  right 
line  on  a  plane,  round  one  of  its  extremities.  Sir  Ifaac  Newto?i  had  fhewn, 
that  the  Conic  Self  ions  might  all  be  defcribed  by  afiuming  two  centres  or 
poles  in  a  plane,  and  moving  round  them  two  given  angles,  fo  as  the  inter- 
fedtion  of  two  legs  be  always  found  in  a  freight  line,  given  in  pofition  in 
the  fame  plane  ;  for  thus  the  interfedfion  of  the  other  two  will  trace  fome 
conic  fcdtion.  In  a  fimilar  way,  he  defcribes  fuch  lines  of  the  third  order, 
as  have  a  double  point  that  is  to  fay,  which  returning  upon  themfelves, 
pafs  twice  through  the  fame  point  ;  but  the  defcription  of  the  far  greater 
number  of  thofe  lines,  which  have  no  fuch  point,  Sir  Ifaac  declares  to  be  a 
problem  of  much  more  difficulty.  This  was  referved  for  Mr.  Maclaurin ; 
who  not  only  happily  refolved  it,  but  carried  the  fame  method  of  de¬ 
fcription  much  higher.  By  affuming  more  poles,  or  by  moving  the  angular 
points  along  more  lines  given  in  pofition,  or,  laftly,  by  carrying  the  inter- 
fedtions  along  curve  lines,  inftead  of  freight,  he  has  extended,  or  given  hints 
of  extending,  the  method  as  far  as  it  can  go.  And  becaufe,  by  the,  motion 
of  rulers  actually  combined,  as  the  cafe  requires,  fuch  defcriptions  may  be 
effected,  he  calls  them  by  the  general  name  of  Organical.  When  he  wrote 
this  treatife,  the  fubjedts  being  new  and  entertaining,  his  invention  in  its  - 
prime,  and  the  ardor  of  his  curiofity  continually  urging  him  on  to  farther 
difcoveries,  he  did  not  take  time  to  finifh  every  demon  fixation  in  fo  elegant 
a  manner  as  he  might  have  done.  His  page,  we  muft  own,  is  incum¬ 
bered  with  algebraical  calculations,,  and  thefe  have  offended,  the  delicate  eyes 
of  fome  critics ;  but,  in  anfwer  to  this,  we  may  lay  that  what  offends 
them,  may  be  very  acceptable  to  younger  ftudents :  nor  indeed  fhould  we, 
at  all  have  mentioned  this  blemifh  in  fo  great  a.  work,  if  himfelf  had  not 
fomewhere  hinted  at  it,  and,  in  a  letter  to,  one  of  his  friends,  expreffed  an 
intention  of  refuming,  with  his  firft  leifure,  that  whole  theory,  and  adding 
to  it  a  fupplement  the  greateft  part  of  which  had  been  printed  feveral 

years, ago;;  but  whereof  we  . have  only  an  abftxadt.in  the  Philofophical  Tranf-, 

adtions3) 


adtions,  NQ  439.  In  the  fame  volume,  he  gives  a  new  theory  of  the 
curves  which  may  be  derived  from  any  given  curve,  by  conceiving  per¬ 
pendiculars  to  its  tangents  to  be  drawn  continually  through  a  given  point, 
whofe  interfedtions  with  the  tangents  will  form  a  new  curve  ;  from  which 
laft  a  third  may  be- formed  in  the  fame  manner,  and  fo  on  in  infinitum.  This 
furn  idles  many  curious  theorems  :  there  are  like  wife  fome  proportions  con¬ 
cerning  centripetal  forces  and  other  fubjedts,  which,  with  the  quotations  Ke 
ufes,  fhew  the  great  progrefs  he  had  already  made  in  every  part  of  mathe-  - 
matical  learning,  and  how  well  acquainted  he  was  with  the  writings  of  the 
heft  authors. 

<•  ...  .  J  '  V  .  •  / 

We  fhall  not  here  repeat  what  has  been  faid  concerning  his  piece  which 
gained  the  prize  of  the  Royal  Academy  of  Sciences  in  1724.  In  the  year 
1740,  the  Academy  adjudged  him  a  prize  which  did  him  dill  more  ho¬ 
nour,  for  accounting  for  the  motion  of  the  Tides ,  from  the  theory  of  gravity  ; 
a  quedion  which  had.  been  given  out  the  former  year,  without  receiving 
any  folution.  He  happened  to  have  only  ten  days  time  to  draw  up  this 
paper,  and  could  not  find  leifure  to  tranfcribe  a  .fair  copy,  fo  that  the  Paris 
edition  of  it  is  incorredt ;  but  he  afterwards  reviled  the  whole,  and  inferted 
it  in  his  Treatife  of  Fluxions, . 

Nor  need  we  mention  the  occafions  on  which  feveral  pieces  which  he 
fent  to  the  Royal  Society  were  written  :  the  following  lid  will  fhew  their  , 
dates,  and  the  fubjedts  treated  of  in  them. 

1.  Of  the  conflrudlion  and  me  a  Jure  of  curve  s,  N°  356. . 

2.  A  new  method  of  defer ibing  all  kinds  of  curves ,  N*  359.. 

* 

3.  A  Letter  to  Martin  Folkes,  Efq-}  on  equations  with  impofiible  root.sy.. 
May,  1726.  N°  394. 

4. .  Continuation  of  the  famei  March  172 9.  N°  408, . 

5.  Decern.  24/?,  1732.  On  the  defeription  of  curves  -3  with  an  account ' 
of  farther  improvements ,  and  a  paper  dated  at  Nancy,  2  yth  Nov..  1722,. 

n”439-- 

6.  An  account  of  the  Treatife  of  Fluxions ,  January  2  qth,  1742-3.  N°  467, 

.  ;  .  •  / 1  .  -M  ;  vi 

7.. .——  *Ibe fame  continued,  March  io tb,  1742-3.  N°  469. 
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8.  A  rule  for  fading  the  meridional  parts  of  a  fpheroid  with  the  fame 
exahnefs  as  of  afphere,  Auguft  1741.  N°.  461. 

n  Of  the  bales  of  the  cells  wherein  the  bees  depofit  their  honey,  Novem.  3. 
>743-N(’.47-- 

But  the  great  work,  on  which  he  bellowed  the  mod  labour,  and  which 
will  for  ever  do  him  honour,  is  his  Treatife  of  Fluxions. 


The  occafion  of  it  was  related  above,  namely,  the  objections  of  fome 
ingenious  men  againft  the  doftrine  of  fluxions,  on  account  of  the  di eren 
modes  of  explication  which  had  been  uled  by  different  authors.  Nor  can 
it  be  denied,  that  the  terms  infinite  and  tnfimtefimal  were  become  muc 
too  familiar  to  mathematicians,  and  had  been  abufed  both  in  arithmetical 
geometry:  At  onetime  introducing  and  palliating  real  abfurdities,  an  ,  a 
others,  giving  thefe  fciences  an  affetted  myfterious  air  which  does  not 
belong  to  them.  To  remedy  this  growing  evil  and  for  evei  take  away  the 
handle  which  it  gave  to  cavilling,  Mr.  Maclaurtn  found  it  neceffary,  in 
demonftrating  the  principles  of  fluxions,  to  rejeft  altogether  thofe  excep¬ 
tionable  terms,  andw  fuppofe  no  other  than  finite  determinable  quantities 
fuch  as  Euclid  treats  of  in  his  geometry  ;  nor  to  ufe  any  other  fotmof 
demonftration  than  what  the  antients  had  frequently  ufed,  and  which 
had  been  allowed  as  ftrialy  conclufive  from  the  firft  rife  of  the  fuence  . 
by  which  means,  he  has  fecured  this  admirable  invention  from  all  futuie 
attacks,  and  at  the  fame  time  done  juftice  to  the  accuracy  of  the  great 
inventor.  The  work  coft  him  infinite  pains ;  but  he  did  not  grudge  ‘V 
he  thought  that  in  proportion  “  as  the  general  methods  are  valuable  it 
-  is  important  that  they  be  eftabliihed  above  all  exception,  and  fince  they 
«  fave  us  fo  much  time  and  labour,  we  may  allow  the  mote  for  llluftraang 

<c  the  methods  themlelves  *.’* 

To  his  demonftrations  of  this  doAnne  he  has  added  many  valuable  im¬ 
provements  of  it,  and  has  happily  applied  it  to  fo  many  curious  and  u  e  u 
enquiries,  that  his  work  may  be  called  a  flovehoufe  of  mathematical  learn¬ 
ing  rather  than  a  treatife  on  one  branch  of  it.  The  particulars  we  need 
not’ enumerate,  efpecially  as  there  is  printed  m  the  Philofophical  Ttanfablions 
No.  468,  469.  a  clear  and  methodical  account  of  them;  to  which  \ 
fer  the  reader. 


■*  Introd.  to  Fluxions ,  at  the  end. 


Through- 
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Throughout  this  whole  work,  though  not  equally  perfect  in  all  its 
parts,  becaufe  of  the  infinite  extent  of  the  field  into  which  he  was  led, 
there  appears  a  very  mafterly  genius,  and  an  uncommon  adrefs. . 

An  ordinary  artifi  follows  the  firfi,  not  generally  the  heft,  road  that  pre- 
fents  itfelf,  and  arrives  perhaps  at  the  folution  of  his  problem  ;  but  it  will 
fearcely  be  either  elegant  or  clear ;  one  may  fee  there  is  ftill  fomething 
wanting  the  refult  being  little  more  fcientifie  than  that  oi  an  arithmetical 
operation,  where  the  given  numbers  and  their  relations  have  all  difappear- 
ed.  This  was  not  the  cafe  of  Mr.  Maclaurin  ;  he  had  a  quick  compre- 
henfive  view,  taking  in  at  once  all  the  means  of  invefiigation  ;  he  could 
feledf.  the  fitted:  for  his  purpofe,  and  apply  them  with  exquifite  art  and  > 
method.  This  is  a  faculty  not  to  be  acquired  by  exercife  only  ;  we  ought 
rather  to  call  it  a  fpecies  of  that  tafte,  the  gift  of  nature,  which  in  mathe-  - 
matics,  as  in  other  things,  diftinguifhes  excellence  from  mediocrity. 

We  have  in  all  Mr.  Maclaurin' s  latter  works,  efpecially  in  his  treatife  of 
fluxions,  numberlefs  infiances  of  this  adrefs:  We  need  only  inftance  in 
his  reducing  fo  manv  folutions  which  ufed  to  be  managed  by  the  higher 
orders  of  fluxions  to  thofe  of  an  inferior  order,  and  many  of  the  queftions 
concerning  the  maxima  sLud  minima ,  even  feme  of  the  mod  difficult,  to 
plane  geometry. 

Thefe  are  all  the  writings  which  our  author  lived  to  publifh  ;  fince  his  > 
deceafe  two  volumes  more  have  appeared,  his  treatife  of  Algebra ,  and  this 
account  of  Sir  lfaac  Newton’ s  philofophy. 

His  Algebra 3  tho’  it  had  not  the  advantage  to  be  finifhed  by  his  own 
hand  and  publifhed  under  his  eye,  is  yet  allowed  to  be  excellent  in  its 
kind ;  containing,  in  no  large  volume,  a  complete  elementary  treatife  of 
that  fcience,  as*  far  as  it  has  hitherto  been  carried  j  all  the  mofi  ufeful  . 
rules,  which  lie  fcattered  in  fo  many  authors,  being  clearly  laid  down  and 
demonftrated,  and  in  the  order  which  he  had  found  to  be  the  Defi  in  a 
long  courfe  of  methodical  teaching.  He  is  more  fparing,  it  is  true,  iit  the 
practical  applications  than,  mofi  other  writers,  but  this  was  designedly  •,  he 
was  of  opinion  that  many  of  thofe  .applications  deferve  to  be  treated  of  a- 
part ;  and  to  have  taken  too  much  of  them  into  his  plan,  would  have  been 
like  disfiguring  the  elements  of  Euclid ,  by  mixing  with  them  the  iiiles  of 
practical  geometry.  ,  To  this  work  is  fubjoined,  as  a  proper  appendix ,  his 
latin  tradl  De  Linearum  Geometricarum  proprietatibin  gener alibus ,  It  is 
carefully,  printed  from  a  manufeript  all  written  and  corrected  by  the  au- 
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thor’s  own  hand  ;  and  we  need  only  add,  that  as  it  was  of  the  lad,  fo  it 
appears  to  have  been,  in  his  own  judgment,  one  of  the  bed  of  his  per¬ 
formances. 

The  account  of  Ifaac Newton's  philofophy lies  now  before  the  reader; 
who,  by  carting  his  eye  on  the  table  of  contents ,  may  fee  the  author’s  de- 
fign  and  method  ;  and  in  perufing  the  work  itfelf  will  not,  we  hope,  find 
himfelf  difappointed. 

One  queftion  however  may  be  put,  which  it  is  proper  for  us  to  obviate. 
Why,  in  this  account,  Sir  Ifaac  Newtons  grand  difcoveries  concerning  light 
and  colours,  are  but  tranfiently  and  in  general  touched  upon?  To  this  it 
is  anfwered,  that  our  author’s  mai:  deiign  feems  to  have  been  to  explain 
only  thofe  parts  of  Sir  Ifaac' s  philofophy  that  have  been,  and  are  ftill, 
controverted.  But  it  is  known  that,  ever  fince  the  experiments,  on  which 
his  do&rine  of  light  and  colours  is  founded,  have  been  repeated  with  due 
care,  this  doCtrine  has  differed  no  conte Ration  :  Whereas  his  fyftem  of 
the  world,  his  accounting  for  the  celeftial  motions,  and  the  other  great 
appearances  of  nature,  from  gravity,  is  mifunderftood  and  even  ridiculed 
to  this  day  :  the  weak  charge  of  occult  qualities  has  been  frequently  repeated ; 
foreign  profeffors  ftill  amufe  themfelves  with  imaginary  triumphs ;  even  the 
polite  and  ingenious  Cardinal  de  Polignac  is  feduced  to  lend  them  the  har¬ 
mony  of  his  numbers. 

It  was  proper  therefore  that  thefe  Gentlemen  fhould  once  more  be  told 
(and  by  Mr.  Maclaurin)  that  their  objections  are  altogether  out  of  feafon  ; 
that  the  fpeCtres  they  are  daily  combating  are  a  creation  of  their  own,  no 
more  related  to  Sir  Ifaac  Newton's  doctrines  than  obfervation  and  experience 
are  to  occult  qualities ;  that  the  followers  of  Sir  IJaac  Newton  will  for  ever 
affert  their  right  to  ftop  where  they  find  they  can  get  no  farther  upon  fare 
ground  ;  and  to  make  ufe  of  a  principle  firmly  eftablifhed  in  experience, 
adequate  to  all  the  purports  they  apply  it  to,  and  in  every  application 
uniform  and  confident  with  itfelf ;  *  although  they,  perhaps,  defpair  of 
tracing  the  ulterior  caufe  of  that  principle. 

But  befides  that  Sir  Ifaac  Newton's  treatife  of  optics  wanted  no  defence,  it 
may  be  faid  like  wife,  that  it  fcarce  admits  of  an  explication  ;  it  is  fuch  an  ab- 
folute  marter-piece  of  philofophical  writing,  that  it  can  as  little  be  abridged 
as  enlarged ;  and  we  had  better  take  all  his  experiments,  illuftrations  and  proofs 
in  the  words  in  which  he  has  delivered  them,  than  rifque  the  injuring  them 
by  a  different  drefs.  As  for  the  hints  which  he  could  not  further  purfue,  and 

*  Of  this  we  fee  a  frefli  infbnee  in  a  fecond  admirable  difcovery  of  Dr.  Bradley' s;  of  a  fin  all 
Mutation  of  the  earth’s  axis,  from  the  motion  of  the  nodes  of  the  lunar  orbit. 
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which  he  propofes  as  queries ;  Mr.  Maclaurin  had  too  found  a  judgment, 
and  had  too  thoroughly  imbibed  the  genius  and  fpirit  of  his  great  Matter,  to 
run  away  with  them  as  materials  for  rearing  doubtful  theories  :  He  leaves 
them  as  he  found  them,  till  future  difcoveries  can  give  them  another  name, 

>  Befides  his  printed  and  more  finished  works,  Mr.  Maclaurin  had  by 
him  a  number  of  manufcript  papers,  and  imperfect  effays  on  mathematical 
and  other  fubjedts.  Thefe  the  increafe  of  his  diftemper  did  not  give  him 
time  to  put  in  order,  or  to  leave  particular  directions  how  they  were  to  be 
difpofed  of :  He  therefore  intruded  them  all  together  to  the  care  of  three 
gentlemen,  in  whofe  hands  he  knew  they  would  be  perfectly  fafe : 
his  honoured  friend  Martin  Fo/kes ,  Efq;  prefident  of  the  royal  fociety  ; 
Andrew  Mitchell ,  Efq;  member  of  parliament  for  the  (hire  of  Aberdeen , 
who,  he  knew,  would  fpare  no  pains  to  do  juftice  to  the  memory  of  a 
perfon  whom  he  had  fo  long,  and  fo  entirely,  loved ;  and  the  reverend 
Mi .  John  Hill ,  chaplain  to  his  grace  the  archbifhop  of  Canterbury ,  with 
whom  he  had  for  fome  years  cultivated  a  mod  intimate  friendfhip.  In 
confequence  of  this  trud,  thefe  Gentlemen  immediately  fet  about  pub- 
1  idling  what  Mr.  Maclaurin  had  defigned  and  prepared  for  the  prefs ; 
his  algebra,  and  the  account  of  Sir  Ifaac  Newton’s  philofophy :  and 
becaufe  they  could  not  take  upon  themfelves  the  immediate  care  of  thefe 
editions,  they  appointed,  for  that  purpofe,  a  perfon  whofe  regard  for  the 
author’s  memory  was  a  fure  pledge  of  his  utmod  diligence.  They  like- 
wife  fet  on  foot  and  follicited  a  fubfcription  for  the  following  work  ; 
which  the  fituation  of  Mr.  Maclaurin' s  family  made  necefTary.  For  not  to 
mention,  that  the  thoughts  of  a  philofopher  are  not  much  turned  to  the 
faving  of  money,  nor  is  his  curiofity  to  be  gratified  but  at  a  condderable 
expence,  Mr.  Maclaurin' s  liberality  was  greater  than  his  fortune  could  well 
bear  :  it  was  not  advice  and  recommendation  only  that  he  furnifhed  to 
young  men,  in  whom  he  could  difcover  a  promifing  and  virtuous  difpo- 
btion  ;  he  often  fupplied  them  with  money  till  his  recommendations  could 
take  place.  This  however  will  not.  we  hope,  upon  the  whole,  be  any 
lofs  to  his  family ;  a^  it  has  been  remembred,  and  rewarded  by  the  generous 
manner  in  which  many  gentlemen  of  worth  have  promoted  this  fubfcription. 

If  we  now  look  back  upon  the  numerous  writings  of  our  au'hor,  and 
the  deep  refearches  he  had  been  engaged  in,  his  patience  and  afTiduity  will 
be  equally  adonifl  ing  with  his  genius.  To  endeavour  to  account  for  it 
to  a  pei  fan  who  has  not  himfelf  faded  the  pleafure-s  of  a  contemplative 
mind,  would  be  a  vain  attempt.  Whoever  has  devoted  himfelf  to  worldly 
views,  or  to  the  mere  joys  of  fenfe  and  imagination,  mud:  be  a  ftranger 
to  the  charms  of  truths  naked,  unportioned,  and  unadorned  ;  fuch  as 
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Mr.  Maclaurin  courted  her,  through  his  whole  life,  with  a  moil  faithful 
and*  perfevering  paffion.  Call  his  fpeculations  but  a  kind  of  luxury ;  it  is 
however  a  higher  and  more  refined  luxury  than  other  purfuits  can  furniffi  : 
an  exercile,  in  which  the  human  faculties  find  themfelves  the  moil  rationally 
employed,5  and  the  mod  fenfibly  drengthened  and  improved.  At  the  fame 
time,  it  bed  didinguifhes  the  limits  to  which  they  are  confined  ;  infpiring 
that 5  humility  which  belongs  to  man,  and  makes  a  principal  part  of  true 
wifdom,  the  knowledge  of  one' sj elf. 

How  great  an  example  Mr.  Maclaurin  was  of  this^virtue,  thofe  who  had 
the  happinefs  of  his  acquaintance  can  tedify,  and  his  writings  abundantly 
fhew.  The  farther  he  advanced  in  the  knowledge  of  geometry  and  of 
nature,  the  greater  his  averfion  grew  to  perfect  iydems,  hypothefes,  and 
dogmatizing;  without  peevifhly  defpifing  the  attainments  we  can  arrive 
at,&or  the  ufes  to  which  they  ferve,  he  faw  there  lay  infinitely  more  beyond 
our  reach  ;  and  ufed  to  call  our  highed  difcoveries  but  a  dawn  of  know¬ 
ledge,  fuited  to  our  circumdances  and  wants  in  this  life  ;  which,  however, 
we  ought  thankfully  to  acquiefce  in  for  the  prefent,  in  hopes  that  it  will  be 
improved  in  a  happier  and  more  perfedt  date. 

In  weak  and  unexperienced  minds,  it  is  true,  the  dudy  of  mathematics 
has  often  wrought  quite  different  effedts  :  fometimesan  overweening  and  mod 
ridiculous  felf-conceit,  with  a  contempt  of  all  other  dudies  ;  at  other  times, 
a  rafh  confounding  of  the  different  kinds  of  evidence,  and  the  different 
fubiedts  to  which  they  can  be  applied ;  fometimes,  becaufe  demondrative 
evidence  is  the  mod  perfedt,  it  has  been  taken  for  granted  there  is  none 
other  ;  or  moral  evidence,  to  bring  it  to  the  fame  level,  has  been  difguifed 
in  an  awkward  and  difadvantageous  drefs.  But  to  oppofe  the  fingle  example 
of  Mr.  Maclaurin  to  fuch  pretenders,  will  be  a  diffident  cenfure  of  their  ab- 
furd  condudt  ;  and  at  the  fame  time  a  fufficient  anfwer  to  the  unjud  re¬ 
proaches,  which,  on  occafion  of  thefe  abufes,  have  been  thrown  out  againd 
mathematicians. 

9  '  ■  -y~  - 

It  was  not  mental  pleafure  and  improvement  only,  that  Mr.  Maclaurin 
fought  in  his  favourite  dudies  ;  he  faw  their  great  importance  in  all  the  arts 
of  civil  life,  in  ajjifting  (as  my  Lord  Bacon  expreffes  it  *)  the  powers  of  man , 
and  extending  his  dominion  in  nature.  Whofoever  is  the  lead  acquainted  with 
the  hidory  or  the  prefent  date  of  trade  and  manufadtures,  is  fully  apprized 
that  there  is  nothing’great  or  beautiful,  nothing  convenient  or  expeditious, 
nothing  uriiverfaily  beneficial,  but  wants  their  diredtion  :  nor  are  even  the 
hints  which  accident  throws  in  our  way,  to  be  improved  to  any  tolerable 
purpofe,  without  the  help  of  Arithmetic  and  Geometry, 

*  Nop.  Organ.  Lib.  I. 
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To  this  view  of  general  utility,  Mr.  Maclaurin  had  accommodated  all  his 
ftudies ;  and  we  find  in  many  places  of  his  works  an  application,  even  of 
the  mod  abftrufe  theories,  to  the  perfecting  of  mechanical  arts.  He  had 
refolved,  for  the  fame  purpofe,  to  compofe  a  ccurfe  of  practical  mathe¬ 
matics,  and  to  refcue  feveral  ufeful  branches  of  the  fcience,  from  the  bad 
treatment  they  often  meet  with  in  lefs  fkilful  hands.  But  all  this  his  death 
has  deprived  us  of ;  unlefs  we  would  reckon  as  a  part  of  his  intended  work, 
the  tranflation  of  Dr.  David  Gregorys  practical  geometry,  which  he  revifed 
and  published,  with  additions,  in  the  year  1745. 

In  his  life-time,  however,  he  often  had  the  pleafure  to  ferve  his  friends 
and  country  by  his  fuperior  /kill.  Whatever  difficulty  occurred  concerning 
the  conftru&ion  or  perfecting  of  machines,  the  working  of  mines,  the  im¬ 
provement  of  manufactures,  the  conveying  of  water,  or  the  execution  of 
any  other  public  work,  Mr.  Maclaurin  was  at  hand  to  refolve  it.  He  was 
likewife  employed  to  terminate  fome  difputes  of  confequence,  that  had  arifen 
at  Glafgow  concerning  the  gauging  of  veffels  ;  and  for  that  purpofe,  prefented 
to  the  commiffioners  of  excife  two  elaborate  memorials,  containing  rules 
by  which  the  officers  now  aCt,  with  their  demonftrations. 

But  what  mud  have  given  him  a  higher  fatisfaClion  than  any  thing  elfe  of 
this  kind,  was  the  calculations  he  made,  relative  to  that  wife  and  humane 
provifion,  which  is  now  eftablifhed  by  law,  for  the  children  and  widows  of 
the  Scotch  clergy,  and  of  the  profefiors  in  the  univerfities ;  entitling  them 
to  certain  annuities  and  fums,  upon  the  voluntary  annual  payment  of  a 
certain  fum  by  the  incumbent.  In  contriving  and  adjufting  this  fcheme,  Mr. 
Maclaurin  had  bellowed  great  labour  j  and  the  gentlemen  who  were  ap¬ 
pointed  to  follicite  the  affair  at  London ,  own  that  the  authority  of  his  name 
was  of  great  ufe  to  them,  for  removing  any  doubts  that  were  moved  con¬ 
cerning  the  fufficiency  of  the  propofed  fund,  or  the  due  proportion  of  the 
fums  and  annuities. 

To  find  himfelf  thus  eminently  ufeful,  even  to  late  pofterhy,  muft  have 
been  a  delightful  enjoyment.  But  what  fiili  more  endeared  his  ftudies  to  him, 
was  the  ufe  they  are  of  in  demonftrating  the  Being  and  Attributes  of  the 
Almighty  Creator,  and  eftablifbing  the  principles  of  natural  religion  on  a 
folid  foundation  ;  equally  fecure  againft  the  idle  fophiftry  of  Epicureans,  and 
the  dangerous  refinements  of  modern  metaphy/icians.  He  agreed  with  the 
great  Mr.  Cotes  *,  in  thinking  that  the  knowledge  of  nature  will  ever  he 

*  In  Praefat.  ad  Neut.  Principia. 
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the  firmeft  bulwark  againfi  Jtheifm,  and  confequently  the  fureft  foundation 
of  true  religion.  This  knowledge  does  more  than  excite  mere  'wondering  ; 
it  infpires  love  and  adoration  of  the  Creator,  our  reafonable  Service for  it 
mufl;  be  a  fuperficial  view  of  nature,  indeed,  that  fuggefts  no  relation,  or 
duty,  to  Him  in  whom  we  live ,  move ,  and  have  our  being.  The  argu¬ 
ment  from  final  caufes,  from  the  order  and  defign  that  evidently  fhews  it- 
felf  throughout  the  univerfe,  IVIr.  A lachiuvtn  held  -to  be  the  fhortsft  and 
iimpleft  of  all  others  ;  and  confequently  of  moft  general  ufe,  and  the  bed: 
adapted  to  the  human  faculties :  whereas  metaphyfical  deductions  are  to  be 
apprehended  but  by  the  few,  and  are  ever  liable  to  be  perverted.  So  that  al- 
tho*  he  could  ufe  them  with  as  much  fubtlety  and  force  as  any  man  living,  he 
chofe  rat  Iter,  in  his  convention  as  well  as  his  writings,  to  bring  the  difpute 
to  a  fhort  ifiue  in  his  own  way. 

He  was  no  lefs  ftrenuous  in  the  defence  of  revealed  religion  ;  which  he 
would  warmly  undertake  as  often  as  it  was  attacked,  either  occafionally  in 
converfafion,  or  in  thofe  pernicious  books  which  have  brought  the  name 
of  Free-thinker  into  difgrace,  and  have  fo  much  contributed  to  fpoil  our 
tafte  as  well  as  our  morals  j  and  how  firm  bis  own  peifuafion  of  it  was,  ap¬ 
peared  from  the  fupport  it  afforded  him  in  his  lail  hours. 

Such  was  the  life  of  this  eminent  perfon  ;  fpent  in  a  courfe  of  laborious, 
yet  not  painful,  ftudy  ;  in  continually  doing  good  to  the  utmoft  of  his 
power  :  in  improving  curious  and  uieful  arts  ;  and  propagating  truth,  vir¬ 
tue,  and  religion  amongff  mankind.  He  was  taken  from  us  at  an  age  when 
he  was  capable  of  doing  much  more  ;  but  has  left  an  example  which,  we 
hope,  will  be  long  admired  and  urinated  t  till  tne  revolution  of  human  af¬ 
fairs  puts  an  end  to  learning  in  thele  parts  of  the  world  ;  01  the  ficklenefs 
of  men,  and  their  iatiety  ot  the  beft  things,  have  fubftituted  for  this  philo¬ 
sophy  fome  empty  form  of  falfe  icience  ;  and,  by  tne  one  or  the  other 
me. ns,  we  are  brought  back  to  our  o  iginal  ftate  of  barbarity. 
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Of  the  method  of  proceeding  in  natural  philofophy , 
and  the  various  Jyflcms  of  philofopher s . 

C  H  A  P.  I. 

A  general  view  of  Sir  Ifaac  Newtonr  method,  and  of  his  at- 

count  of  the.  fyjlem  of  the  world . 

"  •  * 

«  .  _  » 

*•  ?  |  defcribe  the  phenomena,  of  nature,  to  explain  their 

I  caufes,  to  trace  the  relations  and  dependencies  of 

,  ~r  thofe  caules,  and  to  enquire  into  the  whole  conftitu- 

tion  of  the  univerfe,  is  the  bufinefs  of  natural  philofophy 

A  wrong  cunofity  has  prompted  men  in  all  times  to  ftudy 

nature  ;  every  ufeful  art  has  fome  connexion  with  this  fcience  * 

and  the  unexhaufted  beauty  and  variety  of  things  makes 

it  ever  agreeable,  new  and  furprizing. 

But  natural  philofophy  is  fubfervient  to  purpofes  of  a  higher 
Kind,  and  is  chiefly  to  be  valued  as  it  lays  a  fure  foundation 
for  natural  religion  and  moral  philofophy  ;  by  leading  us,  in  a 
iatisfa&ory  manner,  to  the  knowledge  of  the  Author  and 
Governor  of  the  univerfe.  To  ftudy  nature  is  to  fe arch  into 
Jus  workmanfhip  :  every  new  difcovery  opens  to  us  a  new  part 
of  his  fcheme.  And  while  we  ftill  meet,  in  our  enquiries,  with 
iimts  of  greater  things  yet  undifcovered,  the  mind  is  kept  in  a 
pleanng  expedation  of  making  a  further  progrefs ;  acquiring 
at  the  fame  time  higher  conceptions  of  that  great  Beino;,  whole 
\\ oiks  aie  fo  various  and  hard  to  be  comprehended. 
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Our  views  of  nature,  however  imperfect,  ferve  to  re- 
prefent  to  us,  in  the  moil  fenfible  manner,  that  mighty  power 
which  prevails  throughout,  acting  with  a  force  and  efficacy 
that  appears  to  fuffer  no  diminution  from  the  greateft  diftances 
of  fpace  or  intervals  of  time  ;  and  that  wifdom  which  we 
fee  equally  difplayed  in  the  exquifite  ftnidhire  and  jun  mo¬ 
tions  of  the  greateft  and  fubtileft  parts.  _  Thefe,  with  perfed 
poodnefs ,  by  which  they  are  evidently  direded,  conftitute  the 
fupreme  objecft  of  the  fpeculations  of  a  plnlofopher  ;  who, 
while  he  contemplates  and  admires  fo  excellent  a  fyftem, 
cannot  but  be  himfelf  excited  and  animated  to  correfpond 
with  the  general  harmony  of  nature. 


In  order  to  obtain  thofe  great  purpofes,  we  mu  ft  not  pro¬ 
ceed  haftily  in  our  enquiries,  but  with  the  utmoft  caution. 
Falfe  fchemes  of  natural  philofophy  may  lead  to  atheifm,  or 
furrrreft  opinions,  concerning  the  Deity  and  the  umverfe,  ot  moft 
dangerous  confequence  to  mankind  ;  and  have  been  frequent  y 
employed  to  fupport  fuch  opinions.  We  have  the  more  rea- 
fon  to  be  on  our  guard,  becaufe  philofophers  have,  on  many 
occafions,  fhown  an  unaccountable  difpofttion  to  give  into 
extravagant  hdions  in  their  accounts  of  nature.  A  considerable 
party  adopted,  of  old,  that  monftrous  fyftem,  which,  excluding 
the  influences  of  a  Deity*,  attempted  to  explain  the  formation  of 
the  umverfe  from  the  accidental  play  of  atoms,  and  derived 
the  ineffable  beauty  of  things,  even  life  and  thought  lt-elf,  from 
a  lucky  hit  in  the  blind  uproar.  An  horror  at  the  dire  enects 
of  fuperftition  may  have  induced  them  to  have  recourfe  to  a 
doctrine  fo  oppofite  to  common  fenfe  and  reafon  ;  but  vre 
have  not  even  this  excufe  to  offer  in  defence  of  iome  modern 
philofophers  of  great  name,  who  feem  to  have  copied  too 

*  Jjicret.  ck  rerum  natura,,  lib.  I.  v.  63,  &c„ 
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much  after  thofe  mailers,  in  their  mechanical  accounts  of 
the  production  of  the  material  lyftem. 

While  we  guard  againft  atheifm  and  opinions  that  ap¬ 
proach  towards  it,  we  ought  likewife  to  beware  of  liftning  to 
liiperftition  ;  which  difcourages  enquiries  into  nature,  left,  by 
having  our  views  enlarged,  we  fhould  efcape  from  her  bonds, 
and  our  difcoveries  fhould  weaken  fome  darling  tenets.  If 
thofe  tenets  are  true,  they  will  rather  be  confirmed  by  our 
enquiries  ;  and  if  they  are  falle,  furely  it  is  better  they  fhould 
be  detected.  We  may  purfue  truth  fleadily,  fecure  that  it  will 
be  always  found  confident  with  itfelf,  and  Hands  in  no  need 
of  the  jealoufies  and  dark  fufpicions  of  the  fuperftitious  to  fup- 
port  it ;  in  whofe  hands  truth  itfelf  is  apt  to  fuffer,  by  the  bate 
alloy  they  mix  with  it,  and  by  the  detefted  means  which 
they  have  too  often  employed  to  maintain  fo  incongruous  a 
union.  The  philofophers  who  have  been  devoted  to  fo  mean 
views,  have  never  failed  to  expole  themfelves  to  juft  ridicule, 
without  doing  fervice  to  the  caufe  which  they  efpoufed. 
C of  mas  Indopleujles  *  of  old,  milled  by  an  injudicious  zeal,  com¬ 
piled  a  lyftem  of  nature  from  fome  expreffions  in  the  facred 
writings  ;  which,  againft  the  conftant  and  univerfal  ufe  of 
language,  he  would  needs  underftand  in  the  moft  literal  and 
the  very  ftriCteft  fenfe. 

The  earth  therefore,  according  to  him,  was  not  globular,  hut 
an  immenfe  plane  of  a  greater  length  than  breadth,  environed  by 
an  unpafiable  ocean.  He  placed  a  huge  mountain  towards 
the  north,  around  which  the  fun  and  ftars  performed  their 
diurnal  revolutions  ;  and  from  the  conical  fhape  which  he 
afcribed  to  it,  with  the  oblique  motion  of  the  fun,  he  ac- 

*  Fabnt.  bibliothec.1  grreca,  vol.  II.  p.  609,  &e.  where  an  account  is  given 
from  Phot  ins  and  others  ol  this  author,  with  a  figure  to  illuftrate  his  fyftem. 
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counted  for  the  inequality  of  the  days  and  the  variation  of  the 
feafons.  The  vault  of  heaven  lean’d  upon  the  earth  extended 
beyond  the  ocean,  being  likewife  fupported  by  two  vail 
columns  :  beneath  the  arch,  angels  conducted  the  Bars  in  their 
various  motions.  Above  it  were  the  celeflial  waters,  and  above 
all  he  placed  the  fupreme  heavens.  However  abfurd  the 
conceits  of  this  author,  who  wrote  in  darker  times,  may  appear, 
we  have  a  more  inexcufable  inflance,  in  the  laft  century,  of 
the  fame  kind,  in  what  Kircher  calls  his  Ecftatic  Voyage 
to  the  Planets ;  who,  after  many  great  difcoveries  had  been 
made  concerning  the  celeflial  bodies,  produced  nothing 
worthy  *  of  fo  noble  a  fubjedl,  or  of  his  own  extenfive  learn¬ 
ing  and  invention,  having  determined  to  make  a  facrifice  of 
both  to  certain  decrees  of  the  church  of  Rome :  he  de- 
fcends  even  fo  low  as  to  adopt  the  folly,  or  rather  impiety, 
of  aflrologers,  in  deriving  the  good  or  evil  that  happens  to 
man  from  the  propitious  or  malignant  influences  of  planets. 
True  religion  requires  no  fuch  facrifices  ;  nor  are  its  interefls 
advanced  by  feigning  philofophical  fyflems  purpofely  to  favour 
it :  for  when  we  afterwards  find  thefe  to  be  ill-grounded,  we 
may  be  in  danger  of  falling  into  fcepticifm. 

An  entire  liberty  mufl  be  allowed  in  our  enquiries,  that 
natural  philofophy  may  become  fubfervient  to  the  mofl  va¬ 
luable  purpofes,  and  acquire  all  the  certainty  and  perfe&ion 
of  which  it  is  capable  :  but  we  ought  not  to  abufe  this  liberty 
by  fuppofmg  inflead  of  enquiring ,  and  by  imagining  fyflems, 
inflead  of  learning  from  obfervation  and  experience  the  true 
conflitution  of  things.  Speculative  men,  by  the  force  of  ge- 

y 

*  In  the  planet  Venus  for  example,  he  finds  no  other  amufement  but  to  admire 
the  limpid  waters  and  beautiful  cryjtals  he  found  there  *,  and  to  afk  the  genie,  his 
companion  and  guide,  whether  bap  til  in  with  iuch  water  would  be  valid.  I  he  left  is 
pf  a  piece  wi:h  this. 
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nim,  may  invent  fyftems  that  will  perhaps  be  greatly  admired 
for  a  time  ;  thefe  however  are  phantoms  which  the  force  of 
truth  will  fooner  or  later  difpell :  and  while  we  are  pleas'd  with 
the  deceit,  true  philofophy,  with  all  the  arts  and  improvements 
that  depend' upon  it,  fuffers.  The  real  Hate  of  things  efcapes 
our'obferVation  :  or,  if  it  prefents  itfelf  to  us,  we  are  apt  either 
to  rejed:  it  wholly  as  fi&ion,  or,  by  new  efforts  of  a  vain  in¬ 
genuity,  to  interweave  it  with  our  own  conceits,  and  labour 
to  make  it  tally  with  our  favourite  fchemes.  Thus,  by 
blending  together  parts  fo  ill  fuited,  the  whole  comes  forth  an 
abfurd  compofition  of  truth  and  error. 

rt  *  t  v  ••  •  «. 

• 

Of  the  many  difficulties  that  have  flood  in  the  way  of 
philofophy,  this  vanity  perhaps  has  had  the  worft  effects. 
The  love  of  the  marvellous,  and  the  prejudices  of  fenfe,  ob- 
AruCted  the  progreis  of  natural  knowledge ;  but  experience 
and  reflection  foon  taught  men  to  examine  and  endeavour  to 
corredf  thefe.  Tho  philofophers  met  with  great  difoourage- 
ments  in  the  dark  and  fuperflitious  ages,  learning  flourifhed, 
with  liberty,  in  better  times.  The  difputes  amongft  the  feds, 
more  fond  of  victory  than  of  truth,  produced  a  talkative  fort 
of  philofophy,  and  a  vain  oftentation  of  learning,  that  pre¬ 
vailed  for  a  long  time  ;  but  men  could  not  be  always  di- 
veited  from  punumg  after  more  real  knowledge.  Thefe  have 
not  done  near  fo  much  harm,  as  that  pride  and  ambition, 
which  has  led  philofophers  to  think  it  beneath  them,  to  offer 
any  thing  lefs  to  the  world  than  a  compleat  and  finifhed 
iyffem  of  nature  ;  and,  in  order  to  obtain  this  at  once,  to 
take  the  liberty  of  inventing  certain  principles  and  hypothefes,. 
from  which  they  pretend  to  explain  all  her  my  Aeries- 

2.  Sir  Ifaac  Newton  faw  how  extravagant  fueh  attempts- 
weic,  and  therefore  did  not  fet  out  with  any  favourite  prin— 
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ciple  or  fuppofition,  never  propofing  to  himfelf  the  invention 
of  a  fyftem.  lie  faw  that  it  was  neceffary  to  confult  nature 
herfelf  to  attend  carefully  to  her  manifeft  operations,  and  to 
extort  her  fecrets  from  her  by  well  chofen  and  repeated  ex¬ 
periments.  He  would  admit  no  objedicns  againft  plain  ex¬ 
perience  from  metaphyfical  confiderations,  which,  he  faw,  had 
often  milled  philofophers,  and  had  feldom  been  of  real  ufe  in 
their  enquiries.  He  avoided  prefumption,  he  had  the  neceffary 
patience  as  well  as  genius ;  and  having  kept  fteadily  to  the 
right  path,  he  therefore  lucceeded. 


Experiments  and  observations,  ’tis  true,  could  not  alone 
have  carried  him  far  in  tracing  the  caufes  from  their  effects, 
and  explaining  the  effeds  from  their  caufes :  a  fub  ime  geo 
metry  was  his  guide  in  this  nice  and  difficult  enquiry.  This 
is  the  inftrument,  by  which  alone  the  machinery  ol  a  work, 
made  with  fo  much  art,  could  be  unfolded;  and  therefore 
he  fought  to  carry  it  to  the  greateft  height  Nor  is  it  eafy  to 
difcern,  whether  he  has  ffiewed  greater  M\,  and  been  more 
i'uccefsful,  in  improving  and  perfeding  the  inftrument,  or  m 
a  inlying  it  to  ufe.  He  ufed  to  call  his  philofophy  experimental 
philofophy,  intimating,  by  the  name,  the  effential  difference  there 
Is'  betwixt  it  and  thofe  fyftems  that  are  the  product  of  genius 
and  invention  only.  Thefe  could  not  long  fubfift  ;  but  his 
philofophy,  being  founded  on  experiment  and  demonftration, 
cannot  fail  till  reafon  or  the  nature  of  things  are  changed. 


In  order  to  proceed  with  perfed  fecurity,  and  to  put  an  end 
for  ever  to  difputes,  he  propofed  that  in  our  enquiries  into 
nature,  the  methods  of  analyfis  and  fynthefis  ffiould  be  both 
employed  in  a  proper  order  ;  that  we  ffiould  begin  with  the 
phenomena,  or  effeds,  and  from  them  inveftigate  the  powers 
or  caufes  that  operate  in  nature  ;  that,  from  particular  caufes, 
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we  fhould  proceed  to  the  more  general  ones,  till  the  argu¬ 
ment  end  in  the  moft  general :  this  is  the  method  of  analyfs . 
Being  once  poffeft  of  thefe  caufes,  we  fhould  then  defcend  in 
a  contrary  order  ;  and  from  them,  as  eftablifhed  principles, 
explain  all  the  phenomena  that  are  their  confequences,  and 
prove  our  explications :  and  this  is  the  fynthefs .  It  is  evident 
that,  as  in  mathematics,  fo  in  natural  philofophy,  the  invefti- 
gation  of  difficult  things  by  the  method  of  analyfis  ought  ever 
to  precede  the  method  of  compofition,  or  the  fynthefs .  For  in 
any  other  way,  we  can  never  be  fure  that  we  affume  the 
principles  which  really  obtain  in  nature  ;  and  that  our  fyftem, 
after  we  have  compofed  it  with  great  labour,  is  not  mere  dream 
and  illuhon. 

By  proceeding  according  to  this  method,  he  demonftrated 
from  obfervations,  analytically,  that  gravity  is  a  general  princi¬ 
ple;  from  which  he  afterwards  explained  the  fyftem  of  the 
world.  By  analyfs  he  difcovered  new  and  wonderful  properties 
of  light,  and,  from  thefe,  accounted  for  many  curious  pheno¬ 
mena  in  a  fynthetic  way.  But  while  he  was  thus  demonftrat- 
ing  a  great  number  of  truths,  he  could  not  but  meet  with 
hints  of  many  other  things,  that  his  fagacity  and  diligent 
obfervation  fuggefted  to  him,  which  he  was  not  able  to  efta- 
bliffi  with  equal  certainty :  and  as  thefe  were  not  to  be  neg- 
le&ed,  but  to  be  feparated  with  care  from  the  others,  he  there¬ 
fore  collected  them  together,  and  propofed  them  under  the  mo- 
deft  title  of  queries . 

By  diftinguifhing  thefe  fo  carefully  from  each  other,  he  has 
done  the  greateft  fervice  to  this  part  of  learning,  and  has  fe- 
cured  his  philofophy  againft  any  hazard  of  being  difproved  or 
vveakned  by  future  difcoveries.  He  has  taken  care  to  give  no¬ 
thing  for  demonftration  but  what  muft  ever  be  found  fuch ; 

C  *  *  and 
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and  having  feparated  from  this  what  he  owns  is  not  fo  certain, 
he  has  opened  matter  for  the  enquiries  of  future  ages,  which 
may  confirm  and  enlarge  his  dodrines,  but  can  never  refute 
them.  He  knew  where  to  flop  when  experiments  were  want¬ 
ing,  and  when  the  fubtilty  of  nature  carried  things  out  of  his 
reach  :  nor  would  he  abufe  the  great  authority  and  reputation 
he  had  acquired,  by  delivering  his  opinion,  concerning  thefe, 
otherwife  than  as  matter  of  quefiion.  It  was  long  before  he 
could  be  prevailed  on  to  propofe  his  opinion  or  conjedures  con¬ 
cerning  the  caufe  of  gravity ;  and  what  he  has  laid  of  it,  and 
of  the  other  powers  that  ad  on  the  minute  particles  of  matter, 
is  delivered  with  a  modefty  and  diffidence  feldom  to  be  met 
with  amongft  philofophers  of  a  lefs  name.  Nor  do  they  act 
in  a  conformity  with  the  fpirit  of  this  philofophy  who  fpeak 
dogmatically  on  thefe  fubjeds,  till  a  clearer  light  from  new 
obfervations  and  experiments  brings  them  from  the  clafs  of  que¬ 
ries,  and  places  them  on  the  level  of  demonftration. 

3.  Such  was  the  method  of  our  incomparable  philofopher, 
whofe  caution  and  modefty  will  ever  do  him  the  greateft  ho¬ 
nour  in  the  opinion  of  the  unprejudiced.  But  this  ftrid  me¬ 
thod  of  proceeding  was  not  relifhed  by  thofe  who  had  been 
accuftomed  to  treat  philofophy  in  a  very  different  way,  and 
who  faw  that,  by  following  it,  they  muft  give  up  their  favourite 
fyftems.  His  obfervations  and  reafonings  were  unexceptionable; 
fo,  finding  nothing  to  objed  to  thefe,  they  endeavoured  to  lef- 
fen  the  charader  of  his  philofophy  by  general  indired  infinua- 
tions,  and,  fometimes,  by  unjuft  calumnies.  They  pretended 
to  find  a  refemblance  between  his  dodrines  and  the  exploded 
tenets  of  the  fcholaftick  philofophy.  They  triumphed  mightily 
in  treating  gravity  as  an  occult  quality,  becaufe  he  did  not  pre¬ 
tend  to  deduce  this  principle  fully  from  its  caufe.  His  ex¬ 
tending  over  all  the  fyftem  a  power  which  is  fo  well  known  to 
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us  on  the  earth,  and  explaining  by  it  the  motions  and  influences 
of  the  celeftial  bodies,  in  the  moft  fatisfaCtory  manner;  and  his 
determining  the  meafures  of  the  various  motions  that  are  confe- 
quences  of  this  power,  by  fo  fkilful  an  application  of  geometry 
to  nature ;  all  thefe  had  no  merit  with  fuch  philofophers,  be- 
caufe  he  did  not  aflign  the  mechanical  caufe  of  gravity.  I 
know  not  that  ever  it  was  made  an  objection  to  the  circulatioa 
of  the  blood  that  there  is  no  fmall  difficulty  in  accounting  for 
it  mechanically ;  they  who  firft  extended  gravity  to  air,  vapour, 
and  to  all  bodies  round  the  earth,  had  their  praife,  though  the 
caufe  of  gravity  was  as  obfcure  as  before  ;  or  rather  appeared 
more  myfterious,  after  they  had  fhewn  that  there  was  no  body 
found  near  the  earth,  exempt  from  gravity,  that  might  be  fup- 
pofed  to  be  its  caufe.  Why  then  were  his  admirable  difcove- 
ries,  by  which  this  principle  was  extended  over  the  univerfe, 
fo  ill  relifhed  by  fome  philofophers?  The  truth  is,  he  had,  with 
great  evidence,  overthrown  the  boafted  fchemes  by  which  they 
pretended  to  unravel  all  the  myfteries  of  nature  ;  and  the 
philofophy  he  introduced,  in  place  of  them,  carrying  with  it  a 
fincere  confeflion  of  our  being  far  from  a  complete  and  perfeCfc 
knowledge  of  it,  could  not  pleafe  thofe  who  had  been  ac- 
cuftom’d  to  imagine  themfelves  poflefs’d  of  the  eternal  reafons 
and  primary  caufes  of  all  things. 


.  But  to  all  fuch  as  have  juft  notions  of  the  great  author  of 
the  univerfe,  and  of  his  admirable  workmanfhip,  Sir  Ifaac  New¬ 
tons  caution  and  modefty  will  recommend  his  philofophy  ;  and 
even  the  avowed  imperfection  of  fome  parts  of  it  will,  to  them, 
rather  appear  a  confequence  of  its  conformity  with  nature.  To 
fuch,  all  complete  and  finifhed  fyftems  muft  appear  very  fuf- 
picious :  they  will  not  be  furprized  that  refined  {peculations, 
or  even  the  labours  of  a  few  ages,  are  not  fufficient  to  unfold 
the  whole  conftitution  of  tilings,  and  trace  every  phenomenon 
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through  all  the  chain  of  caufes  to  the  firft  caufe.  Is  the  ad¬ 
mirable  progrefs  which  has  been  made  in  this  arduous  purfuit 
to  be  defpifed  or  neglected,  becaufe  more  remains  behind  undif- 
covered  ?  Surely  we  ought  rather  to  rejoice  that  fo  much  is 
opened  to  us  of  the  confummate  art  by  which  all  things  were 
made,  and  ought  to  be  afraid  to  intermix  with  it  our  own  ex- , 
travagant  conceits. 

The  proceffes  of  nature  lie  fo  deep,  that,  after  all  the  pains 
we  can  take,  much,  perhaps,  will  remain  undifcovered  beyond 
the  reach  of  human  art  or  Ikill.  But  this  is  no  reafon  why  we 
fhould  give  ourfelves  up  to  the  belief  of  fidions,  be  they  ever 
fo  ingenious,  inftead  of  hearkening  to  the  unerring  voice  of  na¬ 
ture  :  for  fhe  alone  can  guide  us  in  her  own  labyrinths ;  and  it 
is  a  confequence  of  her  real  beauty,  that  the  leaf!:  part  of  true 
philofbphy  is  incomparably  more  beautiful  than  the  moft  com¬ 
plete  fyftems  which  have  been  the  produd  of  invention,.  This 
is  particularly  true  of  Sir  If  acre  Newtons,  phiioiophy ;  and  we 
may  compare  it  in  this  refped  with  thofe  celebrated  pieces  of 
Apelles ,  which,  though  they  never  received  his  laft  hand,  were 
in  greater  admiration  amongft  the  antients,  than  the  moft  finifh- 
ed  pieces  of  other  artifts :  and  we  wifh  pofterity  may  not  find 
caufe  to  fay  of  this  philofophy  what  the  antients  faid  of  thofe 

pieces, - Ipfum  defe&um  cejpffe  in  gloriam  artificis ,  me  qui 

(tic  cede  ret  operi  ad  preeferipta  lineament  a  invent  um fuijfe.  FI  in, 

4.  It  was,  however,  no  new  thing  that  this  philofbphy  fhould 
meet  with  oppofition.  All  the  ufeful  difeoveries  that  were  made 
in  former  times,  and  particularly  in  the  laft  century,  had  to 
i haggle  with  the  prejudices  of  thofe  who  had  accuftomed  them- 
ielves  not  fo  much  as  to  think  but  in  a  certain  fyftematie  way  ; 
who  could  not  be  prevailed  on  to  abandon  their  favourite 
fchemes,  while  they  were,  able  to  imagine  the  leaft  pretext  for 

continuing’ 
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continuing  the  difpute  :  every  art  and  talent  was  difplayed  to 
fupport  their  falling  caufe  ;  no  aid  feemed  foreign  to  them  that 
could  in  any  manner  annoy  their  adverfary  ;  and  fuch  often 
was  their  obftinacy,  that  truth  was  able  to  make  little  progrefs, 
till  they  were  fucceeded  by  younger  perfons  who  had  not  fo 
ftrongly  imbibed  their  prejudices. 

9  *  ,  * 

Sir  Ifaac  Newton  had  very  early  experience  of  this  temper  of 
philofophers,  and  appears  to  have  been  difcouraged  by  it.  He 
had  a  particular  averfion  to  difputes,  and  was  with  difficulty 
induced  to  enter  into  any  controverfy.  The  warm  oppofition 
his  admirable  difcoveries  in  optics  met  with,  in  his  youth,  de¬ 
prived  the  world  of  a  full  account  of  them  for  many  years,  till 
there  appeared  a  greater  difpofition  amongft  the  learned  to  re¬ 
ceive  them  ;  and  induced  him  to  retain  other  important  inven¬ 
tions  by  him,  from  an  apprehenfion  of  the  difputes  in  which 
a  publication  might  involve  him.  He  thus1  weighed  the  reafons 
of  things  impartially  and  coolly,  before  a  publication  of  them 
can  be  fufpeded  to  have  engaged  him  in  their  defence.  It  is 
well  known  how  flow  he  was  in  publiffiing  :  and  we  can¬ 
not  but  obferve  that  the  temper  and  difpofition  of  mind,  as 
well  as  the  abilities  of  this  great  man,  fitted  him  in  a  particu¬ 
lar  manner  for  penetrating  far  into  nature  and  unfolding  her 
harmony. 

Nor  did  his  averfion  to  difputes  proceed  from  the  love  of 
quiet  only.  Philofophy  had  been  in  high  efteem  of  old,  but 
had  loft  its  antient  luftre  from  the  endlefs  idle  janglings  that 
had  arifen  amongft  the  feds ;  and  could  never  recover  it  while 
a  faculty  of  inventing  a  fyftem  readily,  and  defending  it  obfti- 
nately,  were  the  admired  talents  of  a  philofopher.  While  one 
age  or  fed  overturned  for  the  moft  part  the  laborious  produc¬ 
tions  of  another,  many  of  the  wifer  fort  defpaired  of  acquiring 

certainty 
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certainty  in  natural  knowledge,  and  chofe  rather  to  content 
themfelves  with  the  general  view  of  things,  open  to  all  men, 
than  attach  themfelves  to  fchemes  which  produced  no  real  fruit, 
and  really  led  them  farther  from  the  truth.  Our  author  there¬ 
fore  propofed  that  all  prejudices  fhould  be  laid  afide,  and  the 
genuine  method  of  treating  natural  philofophy,  which  we  have 
defcribed  from  him,  fhould  be  clofely  followed.  By  his  adher¬ 
ing  to  it  himfelf,  we  are  fecure  that  truth  and  nature  are  on  his 
fide  ;  and  by  following  the  excellent  models  which  he  has 
given  us,  wre  may  be  able  to  make  farther  advances. 

Others  have  pretended  to  explain  the  whole  conftitution  of 
things  by  what  they  call  clear  ideas,  and  by  mere  abftra&ed 
fpeculations.  They  exprefs  a  contempt  *  for  that  knowledge 
of  caufes  which  is  derived  from  the  contemplation  of  their 
effeds,  and  are  unwilling  to  condefcendto  any  other  fciencethan 
that  of  effeds  from  their  caufes.  Therefore  they  fet  out  from 
the  firjl  caufe  ;  and  from  their  ideas  of  him  pretend  to  unfold 
the  whole  chain,  and  to  trace  a  complete  fcheme  of  his  works. 
This  is  the  philofophy  that  Bands  in  oppofition  to  our  author’s 
to  this  day.  It  flatters  human  vanity  fo  much,  and  fets  out  in 
fo  pompous  a  manner,  that  they  who  attend  not  to  the  unex- 
hauftible  variety  of  nature,  and  conflder  not  how  unequal  the 
human  powers  are  to  fo  arduous  an  undertaking,  are  deluded 
by  its  promifes  :  it  may  be  doubted  if  fuch  a  philofophy  lies 
within  the  reach  of  any  created  being  ;  and  it  feems  to  be 
very  plain  that  it  far  furpafles  the  reach  of  men.  But  fince 

*  Perfpicuum  eft  optimam  philofophandi  viam  nos  fequuturos,  fi,  exipfiusDei  cog- 
nitione,  rerum  ab  eo  creatarum  explicationem  deducere  conemur,  ut  ita  feientiam  per- 
fectiflimam,  quae  eft  effedtuum  per  caufas,  acquiramus.  Cartes.  Princip.  part.  II.  §22. 
Afterwards,  having  occafion  to  fpeak  of  the  phenomena,  he  takes  care  to  teJl  us, 
that  he  would  not  make  ufe  of  them  to  prove  any  thing  from  them,  becaufe  he 
wanted  to  derive  the  knowledge  of  effedls  from  their  caufes,  and  not  reciprocally  that 
of  the  caufes  from  their  effects.  Princip.  part  III.  §  4,  &c. 
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many  are  devoted  to  this  phantom,  and  ufe  all  their  art  to 
adorn,  and  recommend  it  to  more  admirers,  it  will  be  necef- 
fary  for  the  fervice  of  truth,  that,  while  we  proceed,  we  have 
in  view  likewife  the  detection  of  this  impofture. 

5.  The  view  of  nature  which  is  the  immediate  objedt  of  fenfe 
is  very  imperfedt,  and  of  a  fmall  extent ;  but  by  the  afiiftance 
of  art,  and  the  help  of  our  reafon,  is  enlarged  till  it  lofes  itfelf  in 
an  infinity  on  either  hand.  The  immenfity  of  things  on  the 
one  fide,  and  their  minutenefs  on  the  other,  carry  them  equally 
out  of  our  reach,  and  conceal  from  us  the  far  greater  and  more 
noble  part  of  phylical  operations.  As  magnitude,  of  every 
fort,  abftradtly  confidered,  is  capable  of  being  increafed  to  infi¬ 
nity,  and  is  alfo  divifible  without  end ;  fo  we  find  that,  in  na¬ 
ture,  the  limits  of  the  greateft  and  leaft  dimenfions  of  things 
are  adtually  placed  at  an  immenfe  diftance  from  each  other.  We 
can  perceive  no  bounds  of  the  vaft  expanfe  in  which  natural  caufes 
operate,  and  can  fix  no  border  or  termination  of  the  univerfe; 
and  we  are  equally  at  a  lofs  when  we  endeavour  to  trace  things 
to  their  elements,  and  to  difcover  the  limits  which  conclude  the 
fubdivifions  of  matter.  The  objedfs,  which  we  commonly  call 
great  vanifli  when  we  contemplate  the  vaft  body  of  the  earth; 
the  terraqueous  globe  itfelf  is  foon  loft  in  the  folar  fyftem :  in 
fome  parts  it  is  feen  as  a  diftant  ftar.  In  great  part  it  is  un¬ 
known,  or  vifible  only  at  rare  times  to  vigilant  obfervers,  affifted, 
perhaps,  with  an  art  like  to  that  by  which  Galileo  was  enabled 
to  difcover  fo  many  new  parts  of  the  fyftem.  The  Sun  itfelf 
dwindles  into  a  ftar;  Saturn's  vaft  orbit,  and  the  orbits  of  all 
the  comets,  croud  into  a  point,  when  viewed  from  numberlefs 
places  between  the  earth  and  the  neareft  fix’d  flars.  Other 
funs  kindle  light  to  illuminate  other  fyftems  where  our  fun’s 
rays  are  unperceived  ;  but  they  alfo  are  fwallowed  up  in  the 
vaft  expanfe.  Even  all  the  fyftems  of  the  ftars  that  fparkle  in 

the 
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the  cleared  fky  muft  pofiefs  a  fmall  corner  only  of  that  ipace 
over  which  fuch  fyftems  are  difperfed,  fince  more  ftars  are  dis¬ 
covered  in  one  conftellation,  by  the  telefcope,  than  the  naked 
eye  perceives  in  the  whole  heavens.  *  After  we  have  rifen  fo 
high,  and  left  all  definite  meafures  fo  far  behind  us,  we  find 
ourfelves  no  nearer  to  a  term  or  limit  j  for  ah  this  is  nothing 
to  what  may  be  difplayed  in  the  infinite  expanie,  beyond  the 
remoteft  ftars  that  ever  have  been  difcovered. 

If  we  defcend  in  the  fcale  of  nature,  towards  the  other  limit, 
we  find  a  like  gradation  from  minute  obje&s  to  others  incom¬ 
parably  more  fubtile,  and  are  led  as  far  below  fenfible  meafures 
as  we  were  before  carried  above  them,  by  fimilar  fteps  that  foon 
become  hid  to  us  in  equal  obfcurity.  We  have  ground  to  be¬ 
lieve  that  thefe  fubdivifions  of  matter  have  a  termination,  and 
that  the  elementary  particles  of  bodies  are  folid  and  uncom¬ 
pounded,  fo  as  to  undergo  no  alteration  in  the  various  ope¬ 
rations  of  nature  or  of  art.  But  from  microfcopical  obfervations 
that  difcover  animals,  thoufands  of  which  could  fcarce  form  a 
particle  perceptible  to  the  unaffifted  fenfe,  each  of  which  have 
their  proper  vefiels,  and  fluids  circulating  in  thoie  vefiels  j  from 
the  propagation,  nourifhment  and  growth  of  thole  animals,  fioni 
the  fubtilty  of  the  effluvia  of  bodies  retaining  their  particular 
properties  after  fo  prodigious  a  rarefatfiion  j  from  many  affo- 
nifliing  experiments  of  chymifts ;  and  efpecially  from  the  in¬ 
conceivable  minutenefs  of  the  particles  of  light,  that  find  a  paf- 
iage  equally  in  all  dire&ions  through  the  pores  of  tranfparent 
bodies,  and  from  the  contrary  properties  of  the  different  fides 
of  the  fame  ray  •  it  appears,  that  the  fubdivifions  of  tne  par¬ 
ticles  of  bodies  defcend  by  a  number  of  fieps  or  degrees  that 
furpafles  all  imagination,  and  that  nature  is  unexhauftible  by 
ys  on  every  fide.  Nor  is  it  in  the  magnitude  of  bodies  only 

*  In  the  conftellation  of  Orion,  2000  ftars  have  been  numbered  by  aftronomers. 

f  Newton's  optics.  Query  2§. 
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that  this  endlefs  gradation  is  to  be  obferved.  Of  motions  fonie 
are  performed  in  moments  of  time  ^  others  are  finifhed  in  very 
long  periods :  fome  are  too  flow,  and  others  too  fwift,  to  be 
perceptible  by  us.  The  tracing  the  chain  of  caufes  is  the  moft 
noble  purfuit  of  philofophy  ;  but  we  meet  with  no  caufe  but 
what  is,  itfelf,  to  be  confidered  as  an  effedt,  and  are  able  to 
number  but  few  links  of  the  chain.  In  every  kind  of  magni¬ 
tude,  there  is  a  degree  or  fort  to  which  our  fenfe  is  proportion’d, 
the  preception  and  knowledge  of  which  is  of  greateft  ufe  to 
mankind.  The  fame  is  the  ground-work  of  philofophy  *  ; 
for  tho’  all  forts  and  degrees  are  equally  the  objedt  of  philo- 
fophical  fpeculation  ;  yet  it  is  from  thofe  which  are  proportioned 
to  fenfe  that  a  philofopher  muft  fet  out  in  his  enquiries,  af- 
cending  or  defcending  afterwards  as  his  purfuits  may  require. 
He  does  well  indeed  to  take  his  views  from  many  points  of 
-fight,  and  fupply  the  defedts  of  fenfe  by  a  well  regulated  ima¬ 
gination  ;  nor  is  he  to  be  confined  by  any  limit  in  {pace  or 


*  If  we  were  to  examine  more  particularly  the  fituation  of  man  in  nature,  we 
fhould  find  reafon  to  conclude,  perhaps,  that  it  is  well  adapted  to  one  of  his  facul¬ 
ties  and  inclinations,  for  extending  his  knowledge,  in  fuch  a  manner  as  might  be 
confiftent  with  other  duties  incumbent  upon  him  ;  and  that  they  have  not  judged 
rightly  who  have  compared  him  in  this  refped  ( Spinoz .  Epift.  15.)  with  the 
animalcules  in  the  blood  difeovered  by  Microfcopes.  He  muft  be  allowed  to  be  the 
firft  being  that  pertains  to  this  globe,  which,  for  any  thing  we  know,  may  be  as 
confiderable  (not  in  magnitude,  but  in  more  valuable  refpe&s)  as  any  in  the 
folar  fyftem,  which  is  itfelf,  perhaps,  not  inferior  to  any  other  fyftem  in  thefe  parts 
of  the  vaft  expanfe.  By  occupying  a  lower  place  in  nature,  man  might  have  more 
eafily  feen  what  pafles  amongft  the  minute  particles  of  matter,  but  he  would  have 
loft  more  than  he  could  have  gained  by  this  advantage.  He  would  have  been  in  no 
condition  to  inftitute  an  analyfis  of  nature,  in  that  cafe.  On  the  other  hand,  we 
doubt  not  but  there  are  excellent  reafons,  why  he  fhould  not  have  accefs  to  the 
diftant  parts  of  the  fyftem,  and  muft  be  contented  at  prefent  with  a  very  imper- 
fed  knowledge  of  them.  The  duties  incumbent  upon  him,  as  a  member  of  fociety, 
might  have  buffered  by  too  great  an  attention  to  them,  or  communication  with  them. 
Had  he  been  indulged  in  a  correfpondence  with  the  planets,  he  next  would  have  de- 
lired  to  pry  into  the  ftate  of  the  fixed  ftars,  and  at  length  to  comprehend  infinite 
fpace. 

D  time  ; 
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time  :  but  as  his  knowledge  of  nature  is  founded  on  the  ob- 
fervation  of  fenfible  things,  he  muft  begin  with  thefe,  and 
muft  often  return  to  them,  to  examine  his  progrefs  by  them. 
Here  is  his  fecure  hold ;  and  as  he  fets  out  from  thence,  fo 
if  he  like  wife  trace  not  often  his  fteps  backwards  with  caution, 
he  will  be  in  hazard  of  lofing  his  way  in  the  labyrinths  of 
nature. 

6.  From  this  fhort  view  of  nature,  and  of  the  {Situation  of 
man,  confidered  as  a  fpedator  of  its  phenomena  and  as  an 
enquirer  into  its  conftitution,  we  may  form  fome  judgment  of  the 
project  of  thofe,  who,  in  compofing  their  fyftems,  begin  at  the 
fummit  of  the  fcale,  and  then,  by  clear  ideas,  pretend  to  de- 
fcend  through  all  its  fteps  with  great  pomp  and  facility,  fo  as  in 
one  view  to  explain  all  things.  The  proceffes  in  experimental 
philofophy  are  carried  on  in  a  different  manner  :  the  beginnings 
are  lefs  lofty,  but  the  fcheme  improves  as  we  arife  from  par¬ 
ticular  obfervations,  to  more  general  and  more  juft  views. 
It  muft  be  owned,  indeed,  that  philofophy  would  be  perfed, 
if  our  view  of  nature,  from  the  common  objeds  of  fenfe,  to 
the  limits  of  the  univerfe  upwards,  and  to  the  elements  of 
things  downwards,  was  complete  ;  and  the  powers  or  caufes 
that  operate  in  the  whole  were  known.  But  if  we  compare 
the  extent  of  this  fcheme  with  the  powers  of  mankind,  we 
{hall  be  obliged  to  allow  the  neceftity  of  taking  it  in  parts, 
and  of  proceeding  with  all  the  caution  and  care  we  are  capa¬ 
ble  of,  in  enquiring  into  each  part.  When  we  perceive  fuch 
wonders,  as  naturalifts  have  difcovered,  in  the  minuteft  objeds, 
fhall  we  pretend  to  defcribe  fo  eaftly  the  produdions  of  in¬ 
finite  power  in  fpace,  that  is  at  the  fame  time  infinitely  extended 
and  infinitely  divifible  ?  Surely  we  may  rather  imagine,  that  in 
the  whole,  there  will  be  matter  for  the  enquiries  and  perpetual 
admiration  of  much  more  perfed  beings. 
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It  is  not  therefore  the  bufinefs  of  philofophy,  in  our  prelent 
fituation  in  the  univerfe,  to  attempt  to  take  in  at  once,  in  one 
view,  the  whole  fcheme  of  nature  ;  but  to  extend,  with  great 
care  and  circumfpedion,  our  knowledge,  bv  juft  fteps,  from 
fenftble  things,  as  far  as  our  obfervations  or  reafonings  from 
them  will  carry  •  us,  in  our  enquiries  concerning  either  the 
greater  motions  and  operations  of  nature,  or  her  more  fubtile 
and  hidden  works.  In  this  way  Sir  Isaac  Newton  proceeded 
in  his  difcoveries :  he  eftablifhed  his  account  of  the  fyftem  of 
the  world  upon  the  beft  aftronomical  obfervations,  on  the  one 
hand ;  and  performed,  himfelf,  on  the  other,  with  the  greateft 
addrefs,  the  experiments  by  which  he  was  enabled  to  pry  into 
the  more  fecret  operations  of  nature,  amongft  the  minute  par- 
tides  of  matter.  On  either  lide  he  has  extended  our  views 
very  far,  and  has  left  valuable  hints  and  intimations  of  what 
yet  lies  involved  in  obfcurity. 

Forthofe  purpofes  he  has  given  us  two  incomparable  treatifes,- 
the  moft  perfed  in  their  kind  philofophy  has  to  boaft  of ;  his 
Mathematical  Principles  of  Natural  Philofophy,  and  his  Trea- 
tife  of  Optics .  In  the  firft,  he  defcribes  the  fyftem  of  the 
world,  and  demonftrates  the  powers  which  govern  the  celeftiai 
motions,  and  produce  their  mutual  influences.  Thefe  are  ex¬ 
tended  from  the  centre  of  the  fun  to  the  utmoft  altitude  of  the 
higheft  comet,  and  probably  to  the  fartheft  limits  of  the  uni- 
verfe.  Nor  are  thefe  new  or  abftrufe  principles,  like  to  thole 
which  never  had  a  being  but  in  the  imagination  of  philo- 
fophers,  but  the  fame  which  are  moft  familiar  to  mankind, 
and  in  common  ufe,  farther  extended  and  more  accurately  de¬ 
fined.  In  the  fecond,  he  treats  of  light,  which,  tho’  the  moft 
potent  agent  in  nature,  that  is  fenfible  to  us,  ads  only  at  the  leaft 
diftances.  His  admirable  difcoveries,  on  this  fubjed,  led  him 
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to  featrh  into  the  motions  that  are  amongft  the  minute  par¬ 
ticles  of  matter,  the  moil  abftrufe  of  all  natural  phenomena. 

In  the  firft,  he  had  the  obfervations  of  aftronomers  for  many 
ages  to  build  on,  with  valuable  confequences  that  had  been  de¬ 
rived  from  them,  by  the  laborious  calculations  of  diligent  and 
ingenious,  men.  The  conftancy  and  regularity  of  the  celeftial 
motions  had  contributed,  with  the  obfervations  of  fome  thou- 
fands  of  years,  to  render  aftronomy  the  moft  exad  part  of  the 
hiftory  of  nature  ;  the  dodrine  of  comets  only  excepted. 
Tire  vail  diilances  of  the  great  bodies  which  compofe  the 
fyilem,  from  each  other,  rather  favoured  a  juft  analyfts  of  the* 
powers  by  which  they  ad  on  one  another  ;  fince  by  thegreat- 
nefs  of  the  diftance,  thefe'  mull  be  reduced  to  a  few  Ample- 
principles y  and  be  the  more  eafily  difcovered.  In  the  fecond 
treatife,  he  enquires  into  more  hidden  parts  of  nature,  and  had 
moft  of  the  phenomena  themfelves  to  trace,  as  well  as.  their 
caufes.  The  fubjed  is  rather  more  nice  and  difficult,  becaufe 
of  the  inconceivable  mimatenefs  of  the  agents,  and  the  fubtilty 
and  quicknefs  of  the  motions  ;  and  the  principles  combined 
in  producing  the  phenomena  being  more  various,  it  could  not 
he  expeded  that  they  ffiould  be  fo  eafily  fubjeded  to  an  ana¬ 
lyfis.  Hence  it  is  that  what  he  has  delivered  in  the  firft  (tho? 
ftill  carnble  of  improvement)  is  more  complete  and  finiffied  in 
fever  a!  refpeds.;  while  his  difcoveries  of  the  fecond  fort  are  more 
aftoniftiing,. 

After  having  eftabliffied  the  principle  of  the  univerfal  Gravi¬ 
tation  of  Matter  in  the  firft  treatife,  when  he  is  not  able  to  de- 
monftrate  the  caufes  of  the  phenomena  defcribed  in  the  fecond 
more  evidently,  he  endeavours  to  judge  of  them,-  by  analogy , 
from  what  he  had  found  in  the  greater  motions  of  the  fyftem  - 
a  Way  of  reafoning  that  is  agreeable  to  the.  harmony  of  things,. 
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and  to  the  old  maxim  afcribed  to  Hermes* ,  and  approved  by  the 
obfervation  and  judgment  of  the  beft  philofophers,  “  That 
what  paffes  in  the  heavens  above  is  fimilar  and  analogous  to 
what  paffes  on  the  earth  below.”  He  had  found  that  all 
bodies  gravitated  towards  each  other,  by  a  power  that  ads  on 
all  their  particles  equally  at  equal  diftances,  and  increafes  ac¬ 
cording  to  a  ftated  law  when  the  diftance  is  diminifhed.  From 
a  like  principle,  a&ing.  at  lefs  diftances,  with  greater  vigour, 
and  with  more  variety,  but  infenftbly  at  larger  diftances,  he 
fnfpeded  that  the  more  abftrufe  phenomena  of  nature  pro¬ 
ceeded.  It  was  a  great  matter  in  philofophy  to  be  fecure  of 
one  general  principle  ;  and  one  was  fufficient  for  carrying  on 
the  regular  motions  of  the  heavenly  bodies,  A  greater  variety 
was  neceffary  for  conducting  the  different  operations  of  nature 
in  particular  parts  ;  and  thefe  being  involved  in  fome  ob- 
fcurity,,  till  better  light  fhould  appear,  he  could  find  no  furer. 
e-round  on  which  to  found  a  judgment  of  them,  than  that 
principle  he  had  already  fhewn  to  take  place  in  nature.  But 
beeaufe  we  often  find  that  phenomena,  which,  at  firft  fight, 
appear  of  a  very  different  fort,  flow  nevertheless  from  the  fame 
caufe,  and  feveral  fuch  caufes  are  often  refolved,  on  farther  en¬ 
quiry,  into  one  more  general  principle ;  the  whole  conftitution 
of  nature  (notwithftanding  the  variety  of  appearances)  mani~ 
feftly  leading  to  one  fupreme  caufe  ;  this  great  philofapher  was 
hence  induced,  as  weft  as  from  feveral  obfervations  he  had  made,, 
to  think  that  aft  thefe  powers  might  proceed  from  one  general 
i nft ru men t  ©r  agent,  as  various  branches  from  one  great  ftern,, 
whole  efficacy  might  be  refolved  more  immediately  into  the 
direction  or  influences  of  the  fovereign  caufe  that,  rules  the 

*  A  principle  not  unlike  this  is  afcribed  to  the  Pevjian  and  Chaldean  magi,  cufj-zaCv f 
(Tvui  Tct  Tolg  uarw.  Pfell.  Declaratio  dogmat.  Chaldaic  tho  this,  as  other 
maxims,  was  much-abided  m  progyels  olairne,-  when  philofophers  degenerated  ir-om 
their  firft  fimplicity.- 

i  univerfeo. 
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univerfe.  But  he  {peaks  of  this  in  the  manner  that  became  a 
philofopher  who  had  fo  much  ftudied  nature,  and  knew  how 
obfcure  thofe  arduous  parts  of  her  fcheme  muft  be  to  us. 

7.  As  the  moft  obvious  views  of  the  creation  fuggeft  to  all 
men  the  perfuafion  of  the  being  and  government  of  a  Deity  ; 
fo  every  difcovery  in  natural  philofdphy  enforces  it  :  and  with 
this  improvement  of  his  difcoveries,  this  great  man  concludes 
both  thofe  treatifes.  Nor  is  his  philofophy  to  be  thought  of 
little  fervice  for  this  purpofe,  tho’  he  has  not  been  able  to  ex¬ 
plain  fully  the  primary  caufes  themfelves. 

The  great  myfterious  Being,  who  made  and  governs  the 
whole  fyftem,  has  fet  a  part  of  the  chain  of  caufes  in  our 
view  ;  but  we  find  that,  as  he  himfelf  is  too  high  for  our 
comprehenfion,  fo  his  more  immediate  inftruments  in  the  uni¬ 
verfe,  are  alfo  involved  in  an  obfcurity  that  philofophy  is  not 
able  to  diflipate  ;  and  thus  our  veneration  for  the  fupreme 
author  is  always  increafed,  in  proportion  as  we  advance  in  the 
knowledge  of  his  works.  As  we  arife  in  philofophy  towards 
the  firft  caufe,  we  obtain  more  extenfive  views  of  the  confti- 
tution  of  things,  and  fee  his  influences  more  plainly.  We 
perceive  that  we  are  approaching  to  him,  from  the  fimplicity 
and  generality  of  the  powers  or  laws  we  difcover  ;  from  the 
difficulty  we  find  to  account  for  them  mechanically  ;  from 
the  more  and  more  complete  beauty  and  contrivance,  that  ap¬ 
pears  to  us  in  the  lcheme  of  his  works  as  we  advance  ;  and  from 
the  hints  we  obtain  of  greater  things  yet  out  of  our  reach  :  but 
flill  we  find  ourfelves  at  a  diftance  from  Him,  the  great  fource 
of  all  motion,  power  and  efficacy ;  who,  after  all  our  enquiries, 
continues  removed  from  us  and  veiled  in  darknefs.  He  is  not 
the  objecft  of  fenfe,  his  nature  and  eflence  are  unfathomable  ; 
the  more  immediate  inftruments  of  his  power  and  energy  are 

but 
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but  obfcurely  known  to  us  ;  the  leaf!:  part  of  nature,  when  we 
endeavour  to  comprehend  it,  perplexes  us  ;  even  place  and 
time.)  of  which  our  ideas  feem  to  be  ftmple  and  clear,  have 
enough  in  them  to  embarafs  thofe  who  allow  nothing  to  be 
beyond  the  reach  of  their  faculties.  Thefe  things,  however, 
do  not  hinder  but  we  may  learn  to  form  great  and  juft  concep¬ 
tions  of  him  from  his  fenfible  works,  where  an  art  and  fkill  is 
exprefs’d  that  is  obvious  to  the  moft  fuperficial  fpeCiator,  fur- 
prizes  the  moft  experienced  enquirer,  and  many  times  fur- 
paffes  the  comprehenfton  of  the  profoundeft  philofophen 
From  what  we  are  able  to  underftand  of  nature,  we  may  en¬ 
tertain  the  greater  expectations  of  what  will  be  difcovered  to  us, 
if  ever  we  fhall  be  allowed  to  penetrate  to  the  hr  ft  caufe  him- 
felf,  and  fee  the  whole  fcheme  of  his  works  as  they  are  really 
derived  from  him,  when  our  imperfeCt  philofophy  fhall  be 
completed. 


C  H  A  P. 
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CHAP.  II. 

Of  the  fyfiems  °f  the  antient  philofophers. 


x.  r-g-NHofc  who  have  not  imbibed  the  prejudices  of  philofo- 
I  phers,  are  eafily  convinced  that  natural  knowledge  is  to 

be  founded  on  experiment  and  obfervation.  But  there  is  a 
philofophy  that  intoxicates  the  mind,  while  it  pretends  to  ele¬ 
vate  and  fatisfy  it,  which  teaches  to  defpife  the  plain  and  fober 
way  of  truth.  And  it  is  no  eafy  matter  to  deal  with  thofe  who 
have  loft  themfelves  in  the  dark  fchemes  of  an  inviolable  and 
univerfal  neceffity,  or  with  thofe  who  are  ever  dreaming  them¬ 
felves  poffeft  of  the  eternal  reafons  and  primary  caufes  of 
things.  The  leaft  fhew  of  an  argument  in  their  own  vifionary 
way  takes  infinitely  more  with  them,  than  the  cleareft  evidence 
from  fact  or  obfervation  ;  and  fo  fond  they  appear  of  fuch 
airy  fchemes,  that  they  would  chufe  rather  to  go  on  dis¬ 
puting  for  ever,  than  condefcend  to  acquiefce  in  certainty  ob¬ 
tained  in  a  lower  way.  To  an  impartial  enquirer,  Sir  Ifaac 
Newtons  method,  defcribed  in  the  laft  chapter,  approves  itfelf; 
and  fome  ingenious  men  have  been  fenftble  of  the  neceffity  ot 
following  it,  in  former  times.  But  the  general  practice  of 
philofophers  has  been  very  different  ;  and  fyftems  founded  on 
abftracted  fpeculations  ftill  fo  much  prevail,  that  it  will  be  ne- 
ceffary  for  our  purpofe  to  fhew,  by  a  few  obfervations  on  the 
hiftory  of  learning,  how  vain  and  fruitlefs  fuch  attempts  have 
always  proved. 


Theories 
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Theories  of  this  kind  have  been  invented,  and  amended 
again  and  again,  with  great  labour  and  expence  of  thought ; 
but  ftill  when  they  came  to  compare  them  with  nature,  how 
wide  has  been  the  difference !  —  ibi  omnis  effufus  labor .  If  we 
look  back  into  the  ftate  of  philofophy  in  the  different  ages, 
we  fhall  learn  from  the  hiftory  of  every  period,  that  as  far  as 
philofophers  confulted  nature,  and  proceeded  on  obfervation, 
they  made  fome  progrefs  in  true  knowledge  ;  but  as  far  as 
they  pretended  to  carry  on  their  fchemes  without  this,  they 
only  multiplied  difputes. 

The  beginnings  of  learning,  as  of  other  things,  are  uncer¬ 
tain  and  obfcured  with  fables  :  we  colled:,  however,  from 
feveral  teftimonies,  that  the  oldeft  and  moft  celebrated  philo- 
lophers  of  Phoenicia  and  Greece  made  a  vacuum  and  atoms , 
and  the  gravity  of  atoms,  the  firft  principles  of  their  phiio- 
fophy  *  ;  whether  thefe  were  fuggefted  to  them  from  their 
early  obfervations  of  nature,  before  her  plain  appearances  were 
obfcured  by  the  imaginary  fchemes  and  the  difputes  of  fpecu- 
lative  men,  or  were  derived  from  fome  other  origin.  After¬ 
wards  various  fyftems  appeared,  but  fome  traces  of  thofe  an- 
tient  principles  are  for  a  long  time  to  be  difcovered  amongft 
the  dodrines  of  fucceeding  philofophers,  tho’  interwoven  with 
their  own  particular  tenets  ;  and  what  appears  to  be  moft 
uniform  in  the  variety  of  their  opinions  feems  to  be  derived 

*  According  to  Pofidonius  the  ftoick,  as  cited  by  Strabo  and  Sextus  Empiricus y 
the  doCtrine  of  Atoms  was  more  antient  than  the  times  of  the  Trojan  war,  having 
been  taught  by  Mofchus  a  Phoenician,  the  fame  probably  meant  by  Iamblichus ,  when 
lie  tells  us  that  Pythagoras  converfed  at  Sidon  with  the  prophets,  the  fucceffors  of 
Mochus  the  phyfiologer.  In  thofe  early  times  the  characters  of  lawgiver  and  philo- 
fopher  were  united,  and  this  Mochus  is  fuppofed  by  many  to  have  been  the  fame 
with  Mofes  the  legiflator  of  the  Jews. 

E 


from 


26  Sir  ISAAC  NEWTO  N’s  Book  I. 

from  this  fource  * .  The  more  ancient  atomifts  fee  in  to  have 
taught  that  there  were  living  fubftances  alfo,  which  pre-exifted 
before  the  union  of  the  fyftems  of  thofe  elementary  corpufcles, 
and  continued  to  exift  after  their  diffolution.  They  faw  the 
necelflty  of  admitting  adive  as  well  as  paffive  principles,  life  as. 
well  as  mechanifm,  throughout  the  world  +.  But  this  entire 
and  genuine  philofophy  was  difmembered  afterwards,  and  from 
an  attestation  of  fimplicity,  or  for  other  reafons,  one  fort  ol 
permanent  fubftance  was  thought  fufficient.  One  party  re¬ 
tained  the  paffive  and  fluggiffi  matter  only,  and  from  the  for¬ 
tuitous  concourfe  of  its  corpufcles  pretended  to  explain  the  for¬ 
mation  of  the  univerfe.  Others,  more  refined,  afcribed  reality 
and  premanency  to  adive  incorporeal  fubftances  chiefly,  or 
only.  And  fo  fimilar  were  their  divifions  and  difputes  to  thofe 
of  our  own  times,  that  a  third  fort  feem  to  have  rejeded  the 
reality  of  both,  while  they  maintained  that  there  was  no  liabi¬ 
lity  of  eflence  or  knowledge  any  where  to  be  found  ;  that  all 
being  and  knowledge  was  fantaftical  and  relative  only  ;  that 
man  was  the  meafure  of  truth  to  himfelf  in  all  things,  and  that 
every  opinion  or  fancy  of  every  one  was  true  J.  While  one 
fed  thought  that  nothing  was  permanent,  but  that  all  things 
were  in  a  continual  flux  or  motion,  and  others,  that  all  things 
confifted  of  one  immoveable  and  infinite  eflence,  it  is  no  wonder 
that  their  fucceflors  own  themfelves  at  a  lofs  to  underftand  their 
meaning  ||._ Oppofition  to  each  other  feems  to  have  driven 


*  Thev  taught  that  nothing  was  made  out  of  nothing,  that  no  fubftance  is  gene¬ 
rated  or  deftroyed,  that  colour  and  tafte  are  not  in  the  objects,  &V-  which  feem  to  be 
the  genuine  do&rines  of  this  atomical  philofophy  amongft  the  Greeks.  See  Arijlo '  . 
de  anima>  Lib.  HI.  Cap .  I.  who  afcribes  fuch  opinions  to  moll  of  the  phyfiologers 

before  his  Time.  .  r  y>  i  t  t 

f  See  Dr.  Cuchvorth's  intelieftual  fyftem  of  the  univerfe.  Book  I.  Ghap.  L 

%  This  was  the  dodlrine  *of  Protagoras  the  Abderite.  Plat.  Thaetetus,  &c. 

|  Plat.  Lhetftct. 
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them  to  extremes,  and  both  aimed  at  too  general  and  ex  ten  five 
principles. 

As  to  the  particular  tenets  of  ’Thales ,  and  his  fucceffors  of  the 
Ionic  fchool,  the  fum  of  yhat  we  learn  from  the  imperfect 
accounts  we  have  of  them  is,  that  each  overthrew  what  his 
predecefTor  had  advanced  ;  and  met  with  the  fame  treatment 
himfelf  from  his  fucceffor.  One  of  them  is  faid  to  have  made 
water  the  principle  of  all  things ;  another  chole  air ;  a  third 
fire  ;  a  fourth  preferred  earth  ;  and  fome  took  them  all  in, 
and  made  thefe  four  the  elements  or  principles  of  things.  So 
early  did  the  paflion  for  fyftems  begin,  and  difputes  in  con- 
fequence  of  fuch  precipitancy  were  unavoidable. 

2 .  In  the  time  of  this  uncertainty  amongft  the  phyfiologers 
(for  fuch  all  the  more  antient  philofophers  were)  Socrates  ap¬ 
peared  in  the  world.  A  fublimity  of  genius,  a  fimplicity  of 
manners,  a  particular  talent  of  inveftigating  truth  and  ex- 
pofing  error,  diftinguifhed  this  great  man.  In  his  youth  he 
applied  himfelf,  as  his  predeceflors  had  done,  to  natural  know¬ 
ledge,  and  endeavoured  to  reduce  it  to  a  method  and  prin¬ 
ciples.  But  after  examining  their  fchemes  without  receiving 
any  fatisfadlion  from  them,  he  was  too  fincere  a  lover  ot  truth, 
and  too  juft  to  mankind,  to  attempt  to  invent  one  of  his 
own,  or  to  diffemble  his  ignorance  of  nature.  He  faw  that 
imaginary  knowledge  was  the  greateft  obftruction  to  true  fci- 
enee,  and  made  thofe  who  were  puffed  up  with  it  very  trouble- 
fome  to  the  lovers  of  folicl  learning.  Lie  therefore  took  every 
occafion  to  expofe  it,  and  had  a  happy  talent  in  ridiculing  the 
vanity  of  the  fophifts  of  thole  times,  who  pretended  to  know 
all  things.  The  oracle  on  a  certain  occafion  had  declared  him 
the  wileft  of  men  ;  and  this  preference  he  explained,  with  his 
ufual  modeftv,  to  be  owing  to  this  only,  that  while  others 

E  2  vain! 
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vainly  imagined  they  knew  what  they  were  indeed  ignorant 
of,  he  knew  this  one  tiring  more  than  they,  “  that  he  knew 
nothing.” 

After  many  other  fruitlefs  attempts  he  had  made  in  his 
youth  *  to  fee  into  the  caufes  of  things,  happening  to  hear 
that  Anaxagoras  taught  that  all  things  were  governed  by  a 
fupreme  mind,  and  being  mightily  pleafed  with  this  principle, 
he  had  recourfe  to  his  writings  ;  full  of  expectation  to  fee 
the  whole  fcheme  of  nature  explained  from  the  perfect  wifdom 
of  an  all-governing  mind,  and  to  have  all  his  doubts  about 
the  perfection  of  the  univerfe  Satisfied.  But  he  was  much  dis¬ 
appointed,  when  he  found  that  Anaxagoras  made  no  ufe  of 
this  Sovereign  mind  in  his  explications  of  nature,  and  referred 
nothing  to  the  order  and  perfection  of  the  univerfe  as  its  reafon ; 
but  introduced  certain  aereal,  ^ethereal  and  aqueous  powers,  and 
fuch  incredible  principles  for  the  caufes  of  things.  Upon  the 
whole,  Socrates  found  that  this  account  of  nature  was  no  more 
Satisfactory,  than  if  one  who  undertook  to  account  for  all  the 
actions  of  Socrates ,  fhould  begin  with  telling  that  Socrates  was 
acted  by  a  principle  of  thought  and  defign ;  and  pretending 
to  explain  how  he  came  to  be  fitting  in  prifon  at  that  time, 
when  he  was  condemned  to  die  by  the  unjuft  and  ungrateful 
Athenians ,  he  fhould  acquaint  us  that  the  body  of  Socrates 
confifted  of  bones  and  mufcles,  that  the  bones  were  Solid  and 
had  their  articulations,  while  the  mufcles  were  capable  of  being 
contracted  and  extended,  by  which  he  was  enabled  to  move 
his  body  and  put  himfelf  in  a  fitting  pofture  ;  and  after 
adding  an  explication  of  the  nature  of  found,  and  of  the  organs 
of  his°voice,  he  fhould  boaft  at  length  that  he  had  thus  ac¬ 
counted  for  Socratess  fitting  and  converfing  with  his  friends  in 

*  iy u  yk p  vcc?  wv5  CfiV.  Plcit  PbiftcdOa  ^ 
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prifon  ;  without  taking  notice  of  the  decree  of  the  Athenians , 
and  that  he  himfelf  thought  it  was  more  juft  and  becoming  to 
wait  patiently  for  the  execution  of  their  fentence,  than  efcape 
to  Megara  or  Thebes ,  there  to  live  in  exile.  u  ’Tistrue,  fays  he, 
u  that  without  bones  and  nerves  I  fhould  not  be  able  to  per- 
“  form  any  action  in  life,  but  it  would  be  an  unaccountable 
“  way  of  Ipeaking  to  affign  thofe  for  the  reafons  of  my 
“  adtions,  while  my  mind  is  influenced  by  the  appearance  of 
“  what  is  bejl .” 

I  have  taken  notice  of  this  paflage  the  rather,  becaufe  it 
fhews  how  eflential  the  greateft  and  beft  philofophers  have 
thought  the  conftderation  of  final  caufes  to  be  to  true  philo- 
fophy  ;  without  which  it  wants  the  greateft  beauty,  perfection 
and  ufe.  It  gave  a  particular  pleafure  to  Sir  IJ'aac  Newton  to 
fee  that  his  philofophy  had  contributed  to  promote  an  attention 
to  them  (as  I  have  heard  him  obferve)  after  Des  Cartes  and 
others  had  endeavoured  to  baniffi  them.  It  is  furprizing  that 
this  author  fhould  reprefent  it  as  greater  prefumption  in  us  *  to 
aim  at  the  knowledge  of  final  caufes,  than  to  attempt  to  derive 
a  complete  fyftem  of  the  univerfe  from  the  nature  of  the  Deity, 
confidered  as  the  fupreme  efficient  eaufe,  or,  after  difcarding 
mental  and  final  caulality,  to  refolve  all  into  mechanifm  and 
metaphyfical  or  material  neceffity.  Surely  this  is  the  fort  of 
caufes  that  is  moft  clearly  placed  in  our  view  ;  and  we  cannot 
comprehend  why  it  fhould  be  thought  arrogant  in  us,  to  at¬ 
tend  to  the  defign  and  contrivance  that  is  fo  evidently  dif- 

*  Princip .  Parti.  §  28.  Nullas  unquam  rationes  circa  Fes  naturales  a  fine,  quem 
Deus  aut  natura  in  iis  faciendis  fibi  propofuit>  defumemus  ;  quia  non  tantum  debemus 
nobis  arrogare  ut  ejus  confili&rum  participes  nos  efTe  putemus  :  fed  ipfum  ut  caufam 
efficientem  rerum  omnium  con'derantes,  videbimus  quidnam,  ex  iis  ejus  attributis 
quorum  nos  nonnullam  notitiam  voluit  habere,  circa  illos  ejus  effedus,  qui  fenfibus 
noftris  apparent,  lumen  naturale  quod  nobis  indidic  concludendum  effe  oftendat. 
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played  in  nature,  and  obvious  to  all  men  ;  to  maintain,  for 
inftance,  that  the  eye  was  made  for  feeing,  tho’  we  may  not 
be  able  either  to  account  mechanically  for  the  refraction  of 
light  in  the  coats  of  the  eye,  or  to  explain  ho  w  the  image  is 
propagated  from  the  retina  to  the  mind. 

Socrates ,  finding  all  dark  and  uncertain  in  the  various 
fyftems  Qf  his  predeceffors,  was  fatisfied  that  it  was  better  to 
reft  contented  with  the  general  view  of  nature  open  to  all, 
than  adopt  any  one  of  them  ;  and  having  applied  himfelf  to 
promote  the  practice  as  well  as  the  theory  of  moral  philofophy 
amongft  his  fellow  citizens,  by  his  example  and  precepts,  he 
merited  the  higheft  efteem  and  admiration  of  mankind  *. 
Plato ,  however,  and  his  followers,  being  fenfible  of  the  in  ¬ 
fluence  which  natural  knowledge  muft  have  on  the  moft 
important  truths,  returned  to  it.  The  beauty  of  tne  uni~ 
verfe  was  the  favourite  fubjed  of  the  Platonifts  ;  and  they 
ufed  to  recommend  the  contemplation  and  imitation  of  its  re¬ 
gular  and  conftant  motions,  by  the  pradice  of  virtue,  as  the 
beft  means  to  recover  their  antient  conformity  with  it  in  a  prior 
ftate,  and  to  become  worthy  of  returning  to  the  fame  ftate 
again.  While  a  fed  of  the  Atomifts  refolved  all  things  into 
the  motions  and  modifications  of  matter-,  Plato  ftrove  to 
raife  the  thoughts  of  men  above  the  objeds  of  fenfe,  and 
zealoufly  maintained  the  pre-eminence  of  adive,  incorporeal 


*  See  Aid.  Gellius ,  Lib.  6.  ch.  io.  where  an  extraordinary  inftance  of  this  is  * 
o-iven  from  Taurus  a  Platonic  philofopher.  The  Athenians ,  upon  fome  difference 
with  the  inhabitants  of  Megara,  made  it  capital  for  any  of  them  to  enter  Athens. 
Euclid  of  Megara ,  after  this  editff,  ufed  to  difguife  himfelf  as  a  woman,  and  travel 
twenty  miles  in  the  night  to  hear  Socrates .  Whence  Tai^u^S takes  occafion  to  lament 
how  much  philofophy  was  lunk  in  efteem  in  his  time.  h?ow,  lays  he,  we  fee  phi- 
lofophers run  of  their  own  record  to  attend  at  the  gates  of  the  young  and  rich,  and 
there  fit  waiting  to  noon  till  their  difciples  have  flept  out  their  laft  night’s  debauch. 
Diogenes  Laertius ,  however,  fpeaks  of  a  ftranger  'who  came  to  Athens  and  found 
fault  with  Socrates  in  fome  things. 
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and  intellectual  beings.  Thefe,  according  to  him,  are  the 
true  fubftances,  the  other  the  fhadows ;  which  laft  only,  thole 
grofs  philofophers  could  perceive  ;  as  he  who  has  his  back 
towards  the  light  fees  it  not,  or  the  bodies  placed  betwixt  him 
and  it,  but  the  images  projected  from  them  only  *.  He 
fpeaks,  however,  fometimes  of  the  infenfible  particles  of 
bodies,  which  can  only  be  perceived  by  the  mind  and  under-- 
Handing,  afcribing  different  figures  to  them  in  the  ftyle  of 
the  atomical  philofophy  -j-.  If  he  carried  his  fondnefs  for  his 
ideas  too  far,  we  mull  own,  at  lead,  that  he  erred  on  the  molt 
innocent  fide  of  the  quellion,  in  oppofition  to  the  dangerous 
doctrines  of  Democritus  and  others.  But  however  laudable  the 
views  of  this  amiable  philofopher  may  have  been,  finely  the 
unintelligible  myftical  dodrines  of  fome  of  his  followers  + 
ought  to  admonifh  us  to  be  on  our  guard  againft  excefies, 

even  in  a  good  caufe. 

3 .  In  the  mean  time  the  followers  of  Pythagoras  flourifhed 
in  Italy ,  and  taught  a  philofophy  that  does  not  appear  to  have 
been  fo  much  the  refult  of  their  own  obfervations,  as  to  have 
been  tranfplanted  from  the  eaft  by  their  great  mailer ;  who 
foent  two  and  twenty  years  m  thole  part-,  and  Iciupled  not 
to  comply  with  the  culloms  ||  moft  peculiar  to  the  eallern 
nations,  in  order  to  obtain  the  freer  aoceis  to  their  learned  men* 
And  as  be  was  a  man  of  extraordinary  qualities  and  at  the 
moll  pains,  lo  he  leems  to  have  been  the  mob  fuccefsful  Or 
the  antients  in  getting  acquainted  with  their  philofophy* 

*  Plato  de  republica,  Lib.  7.  &  10. 

t  Plat,  Timaeuso  -  -  ,  .r  r 

T  It  were  unneeeffary  £0  cite  here  inftances  of  the  moft  profound  mylticiim  from 

Plotinus  and  other  platonifts.  . 

i|  He  was  circumcifed  in  Egypt  after  the  manner  of  the  pnefts  of  that  country, 

and  is  faid  to  have  been  the  molt  graceful  .perfon  of  his  time.  Clm,  Alexavdr ,  -troin. 
Lib*  I.  TTT 
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We  find  that  his  followers  taught  the  true  account  of  the 
planetary  motions,  particularly  that  the  earth  moved  daily 
on  its  own  axis,  and  revolved  annually  round  the  fun  ;  and 
gave  the  fame  account  of  the  comets  which  is  agreeable  to 
modern  difcoveries  *.  They  alfo  taught  that  every  ftar  was 
a  world  +,  and  that  each  of  them  had  fomething  correipond- 
ing  to  our  earth,  air,  and  water,  in  the  vaft  expanfe.  The 
moon  particularly,  according  to  them,  was  inhabited  by  larger 
and  more  beautiful  animals  than  this  globe.  We  find  fome 
hints  concerning  the  gravitation  of  celeftia]  bodies,  in  what  is 
related  of  the  do&rines  of  Thales  and  his  fucceffors  :  but  Py¬ 
thagoras  feems  to  have  been  better  acquainted  with  it,  and  is 
fuppofed  to  have  had  a  view  to  it,  in  what  he  taught  con¬ 
cerning  the  harmony  of  the  fpheres  J . 

A  mufical  chord  gives  the  fame  notes  as  one  double  in 
length,  when  the  tenfion  or  force  with  which  the  latter  is 
ftretched  is  quadruple  :  and  the  gravity  of  a  planet  is  quad¬ 
ruple  of  the  gravity  of  a  planet  at  a  double  diftance.  In  ge¬ 
neral,  that  any  mufical  chord  may  become  unifon  to  a  leffer 
chord  of  the  fame  kind,  its  tenfion  muft  be  increafed  in  the 
fame  proportion  as  the  fquare  of  its  length  is  greater  ;  and  that 
the  gravity  of  a  planet  may  become  equal  to  the  gravity  of  an¬ 
other  planet  nearer  to  the  fun,  it  muft  be  increafed  in  propor¬ 
tion  as  the  fquare  of  its  diftance  from  the  fun  is  greater.  If 
therefore  we  fhould  fuppofe  mufical  chords  extended  from 
the  fun  to  each  planet,  that  all  thefe  chords  might  become 
unifon,  it  would  be  requifite  to  increafe  or  diminifh  their  ten- 

*  Arijlot .  Meteorol.  Lib.  I.  cap.  6.  Plutarch,  de  placitis  philofoph.  Lib.  III. 
cap.  2. 

f  Ibid.  cap.  13,  Sc  30. 

X  Plin.  Lib.  II.  cap.  22.  Macrob.  in  fomnium  Scip.  Lib.  II.  cap.  i.  See  alfo 
Plutarch  de  animal,  procreatione,  e  Timato.  fare  Seohoyoi,  npeafivraTot 

^Accro^wv  oms,  cpyuvct  Sewv,  See.  to  the  end, 

fions 
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Hons  in  the  fame  proportions  as  would  be  fufficient  to  render 
the  gravities  of  the  planets  equal.  And  from  the  fimilitude  of 
thofe  proportions,  the  celebrated  doctrine  of  the  harmony  of 
the  fpheres  is  fuppofed  to  have  been  derived. 

As  thefedodrines  of  th ^.Pythagoreans  y  concerning  the  diurnal 
and  annual  motions  of  the  earth,  the  revolutions  of  the 
comets,  the  inhabitants  of  the  moon  and  flars,  and  the  har¬ 
mony  of  the  fpheres,  are  very  remote  from  the  fuggeftions  of 
fenfe,  and  oppofite  to  vulgar  prejudices  ;  fo  we  cannot  but 
fuppofe  that  they  who  firft  difcovered  them  mull  have  made  a 
very  confiderable  progrefs  in  aftronomy  and  natural  philofophy. 
It  is  no  eafy  matter  to  perfuade  a  perfon  unacquainted  with  the 
true  theory  of  motion,  that  the  earth,  which  of  all  things  in 
nature  appears  to  be  moll  fixed  and  liable,  is  carried  on  in 
fuch  a  manner,  and  with  fo  much  rapidity,  in  theexpanfe.  To 
be  fatisfied  of  thefe  dodrines,  fo  as  to  reckon  the  earth 
amongft  the  liars,  and  confider  the  liars  as  fe>  many  worlds, 
one  mull  have  got  over  many  difficulties  from  fenfe  as  well  as 
from  the  religious  prejudices  that  prevailed  in  thofe  days. 
When  therefore  we  find  the  accounts  of  them  given  by  the 
Greeks  to  be  very  imperfed,  mixed  with  errors  and  mifrepre- 
fentations,  it  feems  reafonable  to  fuppofe  that  they  had  feme 
hints  of  them  only  from  feme  more  knowing  nations  who 
had  made  greater  advances  in  philofophy  ;  and  that  they 
were  able  to  deferibe  them  perhaps  not  much  better  than 
we  may  imagine  an  ingenious  Indian ,  after  palling  feme 
years  in  Europe ,  and  having  had  feme  accefs  to  learned 
men,  would  reprefent  our  fyllems  to  his  countrymen  after 
•his  return.  Hence  it  was  that  the  Pythagoreans  do  not  feem 
to  have  been  in  a  condition  to  defend  their  dodrines,  tho’  true  ; 
and  Ariflotle  refutes  them  with  the  appearance  of  reafon  on  his 
fide.  What  he  fays  of  their  fyftem  fhews  that  either  it  was 

F  not 
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not  defcribcd  rightly  by  them,  or  that  he  mifunderftood  them. 
We  arc  told  that  they  taught  that  there  was  an  earth  oppofite 
to  our  earth,  and  feveral  other  bodies  revolving  about  the  fun 
which  were  concealed  from  us  by  the  earth,  and  that  horn 
this  thev  explained  why  there  were  more  echpfes  of  the 
moon  than  of  the  fun*.  On  this  occafion  he  urges  againft  them 
a  complaint,  tor  which  philofophers  have  too  often  given 
ground,  “  That  inftead  of  hiking  their  philofophy  to  nature, 

«  they  had  mifreprefented  the  phenomena  that  they  might  ap- 
«  pear  conformable  to  their  own  fuppofitions.  But  had  lie 
been  better  acquainted  with  the  phenomena  and  this  lyttem, 
he  had  formed  a  better  judgment  of  it. 

At  this  time  geometry  was  in  high  efteem.  We  have  rea- 
fon  to  think  that  the  fondnefs  of  the  Pythagoreans  and  Plato- 
nifts  for  it  fometimes  milled  them,  by  inducing.  them  to  de¬ 
rive  the  myfteries  of  nature  from  fuch  analogies  of  figures 
and  numbers  as  are  not  only  unintelligible  to  us  but  m  fome 
cafes  feem  not  capable  ot  any  juft  explication.  .  y 

made  of  the  five  regular  folids  in  philofophy  is  a  remarkab 
inftance  of  this,  and  mutt  have  been  a  very  important  par.  oi 
their  fcheme,  if  we  may  depend  upon  the  antient  commen¬ 
tators  on  Euclid  ;  who  tell  us  that  he  was  a  platonic  phi  1- 
fopher,  and  compofed  his  excellent  elements  tor  the  fake  ol 
doftrine.  But  as  it  is  a  matter  ot  pure  fpeculation,  we  can 
not  conceive  that  there  can  be  any  analogy  between  it  and  the 
'  conftitution  of  nature  ;  and  they  have  not  been  fuccefsful 
who  have  of  late  endeavoured  to  explain  this  analogy  ;  a, 

r?  tt  t  Wp  imv  be  the  lefs  furprized  thdt  the  G/CC^s  hfid 

‘  De  ccelo,  l.b.  H.  cap.  .  5-  ■  * •*  may  be  the  l.  ^  ^  ^  fome  of  the  moft 

fo  imperfeS  accoun.s  of  the  ea  °  £  from  a  very  diierent  view 

SS  SST  <m.i  «  -  >»«  i-  »  »  * 

ovh 
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we  fhall  have  occafion  to  fhew  afterwards,  when  we  come  to 
wive  fome  account  of  Keplers  difcoveries.  Nor  is  this  the 
only  inftance,  where  a  puriuit  of  analogies  and  harmonics  hus 
led  us  into  error,  in  philofophy.  Geometry  can  be  of  little 
ufe  in  it  till  data  are  collected  to  build  on,  and  Lord  Ft erulam 
has  juftly  obferved,  Mathefm  philofophiam  naturalem  terminate 
debere ,  non  generate'  aut  procreare. 

4.  From  Arijlotle' s  philofophy  we  may  learn,  that  the 
greater!  penetration,  without  other  helps,  will  ever  be  of  left 
fervice  in  enquiries  into  nature,  than  inmetaphyfi.es  and  dia¬ 
lectics  ;  where  the  force  of  genius  may  indeed  atchieve  won¬ 
ders.  ^nftead  of  the  more  antient  fyftems,  he  introduced 
matter ,  form ,  and  privation  as  the  principles  of  all  things :  but 
it  does  not  appear  that  this  dodrine  was  of  great  ufe  to  him 
in  natural  philofophy.  He  furpaffed  all  the  other  philofophers, 
in  dating  the  divifions  and  definitions  relating  to  his  fubjeds, 
with  peculiar  accuracy  ;  yet  fome  of  his  dodrines  aie  fo  ob~ 
fcurely  exprefled,  according  to  the  confedion  of  his  mod  de¬ 
voted  difciples,  that  tho’  they  took  the.utmoft  pains  to  dis¬ 
cover  his  meaning  (and  fome  of  them,  as  is  reported,  in  a  veiy 
extraordinary  manner)  they  were  not  able  to  penetiate  into  it ; 
and  it  is  difputed  to  this  day  what  were  his  fentiments  on 
fome  of  the  mof!  important  fubjeds. 

He  was  enabled  by ’the  liberality  of  his  pupil  Alexander 
to  make  vaft  colledions  relating  to  the  hiftory  of  nature,  at 
an  immenfe  expence,  which  have  been  often  copied  by  natural 
hiflorians  fince  *.  But  in  his  general  and  theoretical  writings 
concerning  nature,  tho  his  reafonings  may  appeal  acute  and 

*  According  to  Pliny,  Arijlotle  wrote  fifty  volumes  concerning  animals,  and  feve- 
ral  thoufand  perfons  in  Greece  and  A/ia,  by  Alexander’s  orders,  affifted  him  in  his 
enquiries.  The  expence  is  faid  to  have  amounted  to  eighty  talents. 

F  2  ^ 
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fubtle,  the  conclufions  are  commonly  fuch  as  are  overthrown 
by  later  difcoveries.  How  he  defcribedth zPythagorea?i  dobtrine 
concerning  the  two-fold  motion  of  the  earth,  and  endeavoured 
to  refute  it,  we  obferved  above  :  in  one  of  the  treatifes  that 
are  afcribed  to  him  *,  the  author  pretends  to  demonflrate  that 
the  matter  of  the  heavens  is  ungenerated,  incorruptible,  and 
fubject  to  no  alteration  ;  and  fuppofes  the  ftars  to  be  carried 
round  the  earth  in  folid  orbs.  In  thefe  dobtrines  he  was 
generally  followed,  till  Tycho  by  his  obfervations,  and  Galileo 
by  his  arguments,  expofed  their  fallacy.  Some  have  com¬ 
plained  that  there  is  lefs  mention  of  a  Deity,  in  his  extenfive 
and  various  works,  than  in  moft  of  the  antient  philofophers  ; 
that  nEPi  koxmot,  (or,  as  fome  fay  it  ought  to  be  entitled, 
nEPi  riANTOs)  excepted  ;  which  for  this  reafon  has  been 
afcribed  to  another  author.  But  there  are  many  who  judge 
this  admirable  piece  to  be  Arijlotle  s  ;  and  Gajfendus  is  of 
opinion  that  he  compofed  it  towards  the  end  of  his  life,  as  the 
'  refult  of  his  moft  ferious  thoughts  f. 

It  may  be  obferved  in  favour  of  this  great  philofopher,  that 
perhaps  he  did  not  intend  his  difcoveries  fhould  be  well  under- 
ftopd  from  his  public  writings  ;  for  we  are  told  that  when  his 
pupil  complained  of  his  publifhing  fome  of  his  treatifes,  he 
inftnuated,  by  his  anfwer,  that  they  would  be  underftood  by 
philofophers  only.  Had  we  a  more  perfebt  account  of  his 
doctrines  concerning  forms  and  qualities,  poflibly  they  might 
appear  in  a  better  light  :  perhaps  he  meant  only  to  aflert, 
in  oppofition  to  that  branch  of  the  atomifts  who  followed 
Democritus ,  that  the  phenomena  of  nature  could  not  be  ac¬ 
counted  for  from  matter  and  motion  only  ;  but  that  the  qua¬ 
lities  of  bodies  arife  from  hidden  powers  abting  varioufly  on 

*  De  coelo. 

*j-  De  phyfiologia  EpcurL  # 

different 
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different  combinations  of  the  particles  of  matter,  according  to 
the  laws  eftablifhed.  The  conduct  of  Calltflhene r,  whom  he 
recommended  to  Alexander  to  accompany  him  in  hio  Afcitic 
conquefts,  does  great  honour  to  Arif  otic  1  A  prolecution 
however,  carried  on  by  the  Athenian  prieils,  obliged  him  to 
abandon  their  city,  to  avoid  the  fate  of  Socrates  % 

Arifiotle  was  for  a  long  time  called  the  prince  of  philofo- 
phers  ;  and  poEefled  the  moft  abfolute  authority  in  the 
fchools,  not  in  Europe  only,  but  even  in  Africa ,  amongft 
Mahometans  as  well  as  Chriftians.  They  had  tranflations  01 
his  works  in  Per  fa  and  at  Satnarcand  ,  and  no  philofoph>_r 
ever  acquired  fo  univerfal  or  fo  high  an  efleem.  His  opinion 
was  allowed  to  Hand  on  a  level  with  reafon  nlelf  j  nor  was 
there  any  appeal  from  it  admitted,  the  paities,  in  every 
difpute,  being  obliged  to  fhew  that  their  conclufions  were  no 
lefs  conformable  to  Arifotle  s  dodtrine  than  to  truth.  This, 
however,  did  not  put  an  end  to  dilputes,  but  rather  lerved 
to  multiply  them  ^  for  neither  was  it  eaiier  to  alcertain  hib 
meaning  than  to  come  at  the  truth,  nor  was  his  dodtrine  con¬ 
fident  with  itfelf.  It  is  not  improper  to  have  this  flavifh  fub- 
je&ion  of  philofbphers  in  remembrance  ;  becaufe  an  high 
efteem  for  great  men  is  apt  to  make  us  demoted  to  then  opi¬ 
nions  even  in  doubtful  matters,  and  fometim.es  in  fuch  as  a*e 
foreign  to  philofophy. 

5.  We  have  already  mentioned  the  Epicurean  fyftem,  and 
fhall  have  occafion  frequently  to  make  remarks  upon  it  after¬ 
wards.  Whoever  confiders  the  extravagant  dodtimes  of  thio 
fedl,  and  of  the  other  Dogmatifls,  of  whatever  denomination. 
Peripatetics  or  Stoics,  may  admire  feme  of  them  for  their  mo¬ 
rality,  and  more  for  their  eloquence,  it  having  been  their  chief 
bulinefs  to  difpute  for  their  fchemes  and  declaim  upon  tnem  ; 
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but  cannot  be  greatly  furprized  that,  as  to  what  relates  to  na¬ 
tural  knowledge,  fo  many  joined  the  fceptics  ;  and  either 
maintained  that  it  was  impoffible  to  difcover  truth,  with  feme 
of  them ;  or  with  others,  that  men  were  only  in  puriuit  not 
in  poffeffion  of  it.  The  feds,  and  fubdivifions  of  feds,  at 
length  became  fo  numerous,  and  their  fyftems  fo  various,  that 
almoft  every  perfon  of  any  note  addided  himfelf  in  fome  de¬ 
gree  to  philofophy  \  for  none  could  be  at  a  lofs  to  find,  a  fed 
and  dodrine  fuited  to  his  tafte  and  inclination.  But  it  does 
not  appear  that  this  great  increafe  of  philofophers  contributed 
much  to  the  advancement  of  the  fcience,  or  did  fervice  to 
truth  :  fuch  was  their  licentioufnefs,  and  fo  great  the  variety  of 
their  opinions,  that  there  has  hardly  appeared  any  dodiine,  in 
later  times,  but  may  be  fupported  by  the  authority  of  one 
or  other  of  them.  It  has  been  juftly  obferved  that  we  may 
learn  fomething  from  the  faults  and  miftakes  of  others,  in 
every  art  ;  but  we  do  not  find  that  the  errors  of  one  fed  in 
philofophy  ferved  to  put  the  others  on  their  guard.  The  great 
rafters  we  have  mentioned  had  given  an  unhappy  example  ; 
and  their  fucceffors  exceeded  them  in  grafting  one  fidion  upon 
another,  to  ferve  their  purpofes.  Thus  the  Platonifts  became 
unintelligible  myftics,  and  the  Peripatetics  unwearied  difputants ; 
while  every  fed  had  its  tale  or  fcheme,  magnified  by  the  party , 
but  condemned  by  all  the  reft. 


When  the  antients,  however,  applied  themfelves  to  con- 
fider  the  heavens,  or  to  colled  the  hiftory  of  nature,  they  did 
not  lofe  their  labour  ;  their  obfervations,  fometimes,  fuggcfted 
to  them  im  per  fed  views  of  the  true  caufes  which  obtain  in 
the  univerfe  :  and  we  have  reafon  to  admire  fome  hints  of  thn 
kind  that  appear  in  feveral  paffages  of  their  writings,  ^  and  feem 
to  be  anticipations  of  fome  of  the  moft  valuable  modem 

difcoveries.  But,  generally  fpeaking,  they  indulged  tliem- 

i  felves 
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felves  too  much  in  abftrufe  fruitlefs  difqiiifttions  concerning 
the  hidden  effences  of  things,  and  fought  after  a  knowledge 
that  was  not  fuited  to  the  grounds  they  had  to  build  on.  As 
to  their  accounts  of  the  fyftem  of  the  world,  the  Pythagorean 
dodrines  were  quite  forgot,  and  the  opinions  of  Arifiotle  and 
Eudoxus  univerfally  prevailed.  In  procefs  of .  time  great 
liberties  were  taken  with  nature,  folid  orbs  and  epicycles  were 
multiplied,  to  anfwer  every  appearance,  till  the  umverfe  in 
their  defcriptions  loft  its  native  beauty,  and  feemed  reduced  to 
a  chaos  again  by  their  unhappy  labours. 

It  is  not  worth  while,  nor  of  ufe  for  our  purpofe,  to  trace 
the  hiftory  of  learning  thro’  its  various  revolutions  in  the  later 
ao-es,  when  philofophy  and  philofophers  fell  into  contempt ; 
when  they  became  more  diftinguiflied  by  their  extravagant 
opinions,  manners  and  temper  *,  than  by  any  real  know¬ 
ledge  and  merit.  How  different  they  were,  fo  early  as  in  the 
times  of  the  Ccefars,  from  the  famous  Pythagorean  lawgivers, 
the  incomparable  Socrates ,  and  others  who  adorned  the  firft 
acres  of  philofophy,  we  may  learn  from  the  pidure  given  of 
them  by  Tacitus .  “  Nero,  fays  this  author,  ufed  to  bellow 

“  fome  time  after  meals  in  hearing  the  reafonings  of  diffeient 
tc  philofophers,  and  while  each  maintained  his  own  led,  and  every 
“  one  exprefly  contradided  another,  they  all  confpiredto  expofe 
“  their  endlefs  variance  and  broils,  as  well  as  to  difpiay  their 
“  peculiar  and  favourite  opinions ;  nay,  there  were  fome  of 
“  thofe  folemn  mafters  of  wifdom,  highly  fond  of  being 


*  Sapientiam  capUlis  et  habitu  jaftant,  fays  Latiantius  fpeakingof  therm  See 
alfo  the  complaint  of  Taurus  the  philofopher,  cited  from  Aul  Gelhus  above  m  the 
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u  feen  with  their  gloomy  afpedl  and  rigid  accent,  amidd  the 
C£  royal  exceffes  and  recreations  of  Nero  *. 

But  the  date  of  learning  proved  Bill  more  deplorable  in  a 
later  period  ;  that  ought  to  be  remembered,  becaufe  it  dif- 
covers  to  us  the  mod  cruel  enemy  to  true  philofophy.  ’Twas 
fometime  after  the  fall  of  the  Roman  empire ,  when  the  majefty 
and  policy  of  that  people  had  given  way  to  Gothic  barbarity, 
that  fu  perdition  reigned  uncontrouled,  liberty  of  enquiry  was 
profcribed,  and  a  favage  zeal  fought  to  root  out  the  memory  of 
antient  learning,  by  dedroying  the  records  of  it,  the  in- 
edimable  produd  of  the  labours  of  pad  times.  The  fatal 
Icheme  proved  but  too  fuccefsful,  for  foon  a  thick  cloud  feems 
to  have  darkened  the  underdandings  of  men,  and  to  have 
almod  extinguifhed  their  natural  faculties  •  in  fo  much  that  a 
part  of  the  fucceeding-  times  obtained  the  appellation  of  the 
leaden  ages,  as  worfe  than  the  iron  age  of  the  poets.  Autho¬ 
rity  for  a  long  time  ufurped  the  place  of  reafon,  and,  under 
the  abufed  pretence  of  making  them  more  fubmidive  to  hea¬ 
ven,  mankind  were  endaved  and  degraded.  Here  and  there 
fome  appeared  worthy  of  better  times  ;  but  thefe  were  obliged 
to  conform  to  the  genius  of  that  barbarous  age  :  if  they  ap¬ 
plied  to  true  philofophy,  it  was  either  in  a  private  and  myderious 
manner,  or  their  abilities  and  merit  ferved  only  to  provoke 
fevere  and  cruel  treatment  from  their  bigotted  cotemporaries. 
This  was  the  fate  of  the  famous  Roger  Bacon ,  who  appears  to 
have  made  furprizing  advances  in  natural  knowledge,  for  thofe 

*  Tacit,  annal.  lib.  14.  We  have  laid  nothing  of  the  Chinefe ,  for  tho’  no  nation 
has  applied  to  aftronomy  ior  fo  long  a  time,  or  with  fo  much  encouragement  irom 
the  publick,  they  feem  to  have  made  little  progrefs,  by  the  accounts  we  have  of 
them  :  this  may  be  afcribed,  in  part  at  lead:,  to  their  negledt  of  geometry  (with¬ 
out  whu-h  it  is  impoflible  to  make  great  advances  in  aftronomy)  and  their  having 

correfpondeijce  with  opaer  nations,. 
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times,  and  feems  to  have  been  acquainted  with  Tome  inventions 
that  are  mart  commonly  fuppofed  to  be  of  a  later  date. 

Learning,  negledted  and  defpifed  in  Europe ,  found  a  fanc- 
tuary  amongft  the  Saracens ,  to  whom  we  are  indebted  for  fe¬ 
ver  a  1  inventions,  as  well  as  for  the  prefervation  of  fome  of  the 
works  of  the  antients.  They  had  fo  great  a  value  for 
thefe,  that  it  was  ufual  with  them  to  demand  copies  of  them, 
by  particular  articles,  in  their  treaties  with  the  Greek  emperors ; 
tho’  they  had  deflroyed  an*  ineftimable  treafure  of  this  kind, 
at  Alexandria,  in  their  hrft  conquefts.  The  caliph  Almaimon 
is  celebrated  for  encouraging  aftronomical  learning,  ere&ing  a 
great  number  of  obfervatories  over  his  dominions,  and  provid¬ 
ing  them  with  inftruments  of  a  prodigious  lize.  By  his  order, 
a  degree  of  the  circle  of  the  earth,  was,  HrlT,  meafured  with 
exa&nefs,  as  far  as  we  know.  But,  at  length,  their  philo- 
fophers  feem  to  have  devoted  themfelves  abfolutely  to  Arijlotle , 
in  no  lefs  llavifh  a  manner  than  the  Europeans  •  and  to  a 
talkative  philofophy  that  ferved  only  to  produce  endlefs  dif- 
putes. 

The  cloud  was,  at  length,  gradually  difpell’d  in  Europe :  the 
adlive  genius  of  man  could  not  be  enflaved  for  ever.  The 
love  of  knowledge  revived,  the  remains  of  antient  learning, 
that  had  efcaped  the  wreck  of  the  dark  ages,  were  diligently 
lough  t  after  ;  the  liberal  arts  and  fciences  were  reftored,  and 
none  of  them  has  gained  more  by  this  happy  revolution  than 
natural  philofophy. 
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CHAP,  III. 


Of  the  modern  philofaphers  before  Des  Cartes, 


i.  f"T"^  H  E  revolutions  of  learning  were  compared,  by 
j|  Arijiotle ,  to  the  riling  and  fetting  of  the  Ears  ;  and 

Pliny  lpeaks  of  four  periods  of  it  that  preceded  his  time,  the 
Egyptian ,  Affyrian ,  Chaldean ,  and  Grecian .  Learning,  after 
it  was  once  loft  in  thofe  countries,  has  never  revived  again  ; 
and,  ©f  the  produce  of  three  of  thofe  periods,  there  is  little 
or  nothing  left.  The  weftern  parts  of  Europe  have  been 
more  happy.  After  a  long  interval,  learning  has  returned  to 
them  ;  and  the  period  which  commenced  upon  the  revolution 
we  have  mentioned,  has  already  continued  fome  hundred 
years.  It  was  ufhered  in  by  feveral  inventions  of  the  greateft 
ufe.  If  we  may  judge  from  thefe,  from  the  valuable  difcoveries 
that  have  been  made  in  its  progrefs,  and  from  thofe  which 
learned  men  are  ftill  in  purfuit  of,  (which  afford  matter 
for  their  enquiries,  and  at  the  fame  time  keep  up  their  curio- 
iity  and  expectation)  we  may  juftly  hope  that  it  will  be  long 
ere  it  comes  to  an  end  :  and  if  it  fhould  like  wife  have  its  ter¬ 
mination,  it  cannot,  however,  but  be  ever  memorable  in  the 
hiftory  of  learning,  in  future  times  *  unlefs  a  general  oblivion 
overwhelm  all  memory  and  record » 

The  invention  of  convex  and  concave  glades  was  as  old  as 
the  thirteenth  century,  tho’  no  one  thought  of  putting  two  of 
them  together  to  make  a  telefcope,  till  three  hundred  years 
later.  Upon  which  it  has  been  juftly  obferved,  that  thofe 

things 
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things  which  we  handle  daily  may  have  valuable  properties 
altogether  unknown  to  us,  which  chance,  or  future  tryals, 
may  difcover.  The  polarity  of  the  magnetic  needle,  which 
was  made  ufe  of  in  navigation  early  in  the  fourteenth  century 
(if  not  fooner)  facilitated  the  correfpondence  between  diftindt 
nations,  and  conduced  Columbus  to  the  difcovery  of  the  new 
world.  It  is  obvious  how  advantageous  to  learning  the  art  of 
printing  has  proved,  which  we  owe  to  the  fame  century. 
Thefe,  with  feveral  other  new  and  furprizing  inventions,  pro¬ 
duced  a  great  change  in  the  affairs  of  the  world  ;  and  a  fpirit 
of  reformation  foon  fhewed  itfelf,  in  every  thing  that  had  any 
connexion  with  the  arts  and  fciences. 

2.  Pcurbachius ,  with  his  fcholar  Regiomontanus  and  others, 
revived  aftronomical  learning,  in  the  fourteenth  century.  The 
celebrated  Copernicus  (who  was  born  at  7 born  in  Prujjta  in 
1473)  fucceeded  them,  “  a  man,  fays  Kepler ^  *  of  a  vaft  ge- 
“  nius,  and  what  is  of  great  moment  in  thefe  matters,  of  a 
“  free  mind.”  When  he  confidered  the  form,  difpofition  and 
motions  of  the  fyftem,  a^  they  were  then  reprefented  after 
Ptolemy ,  he  found  the  whole  void  of  order,  Symmetry  and 
proportion  ;  like  a  piece  (as  he  expreffes  himfelf)  made  up 
of  parts  copied  from  different  originals,  which  not  fitting  each 
other,  flhould  rather  reprefent  a  monfter  than  a  man.  He 
therefore  perufed  the  writings  of  the  antient  philofophers,  to 
fee  whether  any  more  rational  account  had  ever  been  propofed 
of  the  motions  of  the  heavens.  The  firft  hint  he  had  was  from 
Cicero ,  who  tells  us,  in  his  academical  queflions  (book  4.)  that 
Nicetas  a  Syracufian  had  taught  that  the  earth  turned  round  on 
its  axis,  which  made  the  whole  heavens  to  appear  to  a  fpectator 
on  the  earth  to  turn  round  it  daily.  Afterwards,  from  Plu - 

*  Prefatio  ad  Pmtlum  III,  pontif.  ma& 
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larch  *,  he  found  that  Philolaus  the  Pythagorean  had  taught 
that  the  earth  moved  annually  round  the  fun.  Pie  imme¬ 
diately  perceived  that,  by  allowing  thefe  two  motions,  all  the 
perplexity,  diforder  and  confufion,  he  had  complained  of  in 
the  celeftial  motions,  vanifhed,  and  that,  inftead  of  thefe,  a 
iimple  regular  difpofttion  of  the  orbits,  and  a  harmony  of  the 
motions  appeared,  worthy  of  the  great  author  of  the  world. 

’Twas  foon  after  the  year  1500  he  began  to  form  this  judg¬ 
ment  of  the  fyftem,  in  his  own  thoughts  :  but  being  fenfible 
how  ill  it  would  be  received  by  the  generality  of  men,  and 
even  of  the  learned  of  that  time,  he  could  not  be  induced  to 
publifh.  his  account  of  the  celeftial  motions,  for  more  than 
thirty  years.  Pie  had  a  great  inclination,  as  he  tells  us,  to 
have  followed  the  manner  of  the  Pythagoreans ,  who  would  not 
publifh  their  myfteries  to  the  world,  but  chofe  rather  to  de¬ 
liver  them  from  hand  to  hand  to  pofterity  \  not  that  they 
envied  others  the  knowledge  ot  them,  but  that  the  beautiful 
difcoveries  of  great  men,  the  fruit  of  all  their  labouis,  might 
not  become  the  fport  of  the  preftwnptuous  and  ignorant.  It 
was  not  without  the  greateft  follicitations,  and  much  ftruggling 
on  his  part,  that  at  length  he  gave  his  papers  to  his  friends, 
with  permiffion  to  publifh  them  ;  and  he  lived  only  to  fee  a 
copy  of  his  book  in  15  ^3)  ^  houis  before  his  deatn. 

In  this  treatife,  he  reftores  the  antient  Pythagorean  fyftem, 
and  deduces  the  appearances  of  the  celeftial  motions  from  it. 
Every  age  fince  has  produced  new  arguments  for  it  ;  and,  not- 
withftanding  the  oppofition  it  met  with,  from  the  prejudices 
of  fenfe  againft  the  earth’s  motion,  the  authority  of  Arijlotle 
in  the  fchools,  the  threats  of  ignorant  bigots,  and  the  terror 
of  the  inquifttion,  it  has  gradually  prevailed.  The  chief  aigu- 

*  De  placitis  philofophorum,  lib.  3.  cap.  13,. 
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ment  that  had  induced  Ariftotle,  and  his  followers,  to  con- 
fider  the  earth  as  the  centre  of  the  univerfe,  was  that  all 
bodies  have  a  tendency  towards  the  centre  of  the  earth.  In  anfwer 
to  this,  Copernicus  *  obferved,  that  it  was  reafonable  to  think 
there  was  nothing  peculiar  to  the  earth  in  this  principle 
of  gravity  ;  that  the  parts  of  the  fun,  moon,  and  liars, 
tended  likewife  to  each  other,  and  that  their  fpherical  figure 
was  preferved  in  their  various  motions  by  this  power.  Thus 
every  Hep  in  true  knowledge  gives  a  glimpfe  or  faint  view  of 
what  lies  next  beyond  it,  tho’  yet  unrevealed,  in  the  fcale  of 

nature. 

3.  The  reftoration  of  the  Pythagorean  fyflcm  was  a  ftep 
of  the  utmoft  importance  in  true  philofophy,  and  paved  the 
way  for  greater  difcovenes  j  but  the  minds  of  men  were  not 
fufficiently  prepared  for  it,  at  that  time.  A  juft  account  of 
the  theory  of  motion  was  wanting  to  make  them  fenfible  of 
its  fimplicity  and  beauty,  and  to  enable  them  to  refolve,  in 
a  fatisfadory  manner,  the  obvious  arguments  that  appeared 
againft  it.  According  to  Copernicus ,  the  earth  revolved  on 
its  axis,  with  a  rapid  motion,  from  weft  to  eaft.  It  was  ob~ 
jeded,  that  fuch  a  motion  could  not  but  have  fenfible  effeds 
on  many  occafions  ;  that  a  ftone,  for  inftance,  drop’d  from 
the  fummit  of  a  tower,  ought  to  ftrike  the  ground,  not  at  the 
foot  of  the  tower,  but  at  a  diftance  weftward,  according  to 
this  dodrine  ;  the  tower  being  carried,  by  the  diurnal  motion, 
towards  the  eaft,  while  the  ftone  was  falling.  In  anfwer  to 

*  Equrdem  exiftimo  gravitatem  non  aliud  effe  quam  appetentiam  quandam  na~ 
turalem,  partibus  inditam  a  divina  providentia  opificis  univeiiorum,  ut  in  unitatem 
integritatemque  fuam  fele  conferant,  in  formam  globi  coeuntes.  Quam  affedtioneni 
credibile  eft  etiam  foli,  lunae,  c;eterifq;  errantium  fulgoribus,  ineffe,  ut  ejus  effi- 
cacia  in  ea  qua  fe  reprefentant  rotunditate  permaneant ;  qus  nihilominus  mult^ 
modis  fuos  efftciunt  circuitus.  NicoL  Copernici  revoi.  lib.  i.  cap.  9. 
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this,  the  v  motion  of  the  earth  was  compared  to  the  uniform 
progreffive  motion  of  a  fhip  at  fea ;  and  it  was  affirmed,  that 
a  ftone  drop’d  from  the  top  of  the  maft  would  ftrike  the  deck 
at  the  foot  of  it,  tho’  the  ffiip  was  under  fail,  and  advanced 
at  a  great  rate  while  the  ftone  was  falling.  This  experiment  is 
now  beyond  all  queftion  :  but  fome,  who  tried  it  without  due 
care  and  attention,  having  reported  to  Tycho  Brahe  that  it  had 
not  fucceeded  *,  this,  with  a  miftaken  zeal  for  the  facred 
writings,  and  perhaps  an  ambition  of  being  the  inventor  of  a 
new  fyftem,  induced  him  to  rejed  the  dodrine  of  Copernicus , 
and  propofe  a  middle  fcheme.  Tycho  was  too  well  acquainted 
with  the  planetary  motions  to  fuppofe  their  centre  any  where 
elfe  than  in  the  fun  ;  but  that  the  earth  might  be  quiefcent, 
he  fuppofed  the  fun,  with  all  the  planets,  to  be  carried  annually 
around  it,  while  thefe,  by  their  proper  motions,  revolved  about 
the  fun  in  their  feveral  periods.  Having  rejeded  the  diurnal 
rotation  of  the  earth  on  its  axis,  he  was  obliged  to  retain  the 
moft  fhocking  part  of  the  Ptole7?taick  fyftem,  and  to  fuppofe 
that  the  whole  univerfe,  to  its  fartheft  viftble  limits,  was 
carried,  by  the  primum  mobile ,  about  the  axis  of  the  earth 
every  day.  In  this,  however,  he  was  abandoned  by  fome  of 
his  followers,  who  chofe  rather  to  fave  this  immenfe  labour  to 
all  the  fpheres,  by  afcribing  the  diurnal  motion  to  the  earth, 
with  Copernicus  ;  and  therefore  were  called  Semi-Tycho7iics . 

Tho’  this  noble  Da?ie  was  not  happy  in  eftablifhing  a  new 
fyftem,  he  did  great  fervice,  however,  to  aftronomy,  by  his 
diligence  and  exadnefs  in  making  obfervations,  for  a  long 
feries  of  years.  He  difcovered  the  refradion  of  the  air,  and 
determined  the  places  of  a  great  number  of  the  fixed  ftars, 
with  an  accuracy  unknown  to  the  aftronomers  of  former  times. 

*  Gajfeml  in  vita  Tychonis . 
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He  demonftrated  that  the  comets  were  higher  than  the  moon, 
from  their  having  a  very  fmall  parallax,  againft  the  opinion 
which  then  prevailed.  He  difcovered  what  is  called  the  va* 
riation  in  the  motion  of  the  moon  ;  and,  from  his  feries  of  ob- 
fervations  on  the  other  planets,  the  theories  of  their  motions 
were  afterwards  corrected  and  improved.  For  thefe  fervices  he 
will  be  always  celebrated  by  aftronomers. 

4.  Towards  the  latter  end  of  the  fixteenth  century,  and  about 
the  beginning  of  the  next,  Galileo  Kepler  diftinguifhed  them- 
felves  in  the  defence  of  the  Coper nican  fyftem,  and  by  many  new 
difcoveries  in  the  fyftem  of  the  world.  The  excellent  Galileo1 
was  no  lefs  happy  in  his  philofophical  enquiries,  than  in  the 
celebrated  difcoveries  which  he  made  in  the  heavens,,  by  the 
telefcope.  To  the  admirable  Kepler  we  owe  the  difcovery  of 
the  true  figure  of  the  orbits,  and  the  proportions  of  the  mo¬ 
tions  of  the  folar  fyftem  :  but  the  philofophical  improve¬ 
ment  of  thefe  phenomena  was  referved  for  Sir  Ifaac  Newton, 

Kepler  had  a  particular  paflion  for  finding  analogies  and 
harmonies  in  nature,  after  the  manner  of  the  Pythagoreans 
and  Platonifts  ;  and  to  this  difpofttion  we  owe  fttch  valu¬ 
able  difcoveries  as  are  more  than  fuifieient  to  excufe  his 
conceits.  Three  things,  he  tells  us,  he  anxioufty  fought  to 
find  the  reafon  of,  from  his  early  youth  ;  why  the  planets 
were  fix  in  number,  why  the  dimenfions  of  their  orbits  were 
fuch  as  Copernicus  had  defcribed  from  obfervations,  and  what 
was  the  analogy  or  law  of  their  revolutions.  He  fought  for  the 
reafons  of  the  firfi  two  of  thefe  in  the  properties  of  numbers* 
and  plane  figures,  without  fiiccefs.  But  at  length  reflecting, 
that  while  the  plane  regular  figures  may  be  infinite  in  number, 
the  ordinate  and  regular  folids  are  five  only,  as  Euclid  had 
long  ago  demonftrated*  he  imagined  that  certain  myfteries 


48  Sir  I  S  A  A  C  N  E  W  T  O  N’s  Book  I. 

in  nature  might  correfpond  with  this  remarkable  limitation  in¬ 
herent  in  the  effences  of  things  ;  the  rather  that  he  found 
the  Pythagoreans  had  made  great  ufe  of  thofe  five  regular 
folids  in  their  philofophy.  He  therefore  endeavoured  to  find 
fome  relation  between  the  dimenfions  of  thofe  folids  and 
the  intervals  of  the  planetary  fpheres  ;  and  imagining  that  a 
cube  infcribed  in  the  fphere  of  Saturn  would  touch  by  its  fix 
planes  the  fphere  of  Jupiter ,  and  that  the  other  four  regular 
folids  in  like  manner  fitted  the  intervals  that  are  betwixt  the 
fpheres  of  the  other  planets,  he  became  perfuaded  that  this 
was  the  true  reafon  why  the  primary  planets  were  precifely  fix 
in  number,  and  that  the  Author  of  the  world  had  determined 
their  diftances  from  the  fun,  the  centre  of  the  fyftem,  from 
a  regard  to  this  analogy.  Being  thus  poffeffed,  as  he  thought, 
of  the  grand  fecret  of  the  Pythagoreans ,  and  being  mightily 
pleafed  with  his  difcovery,  he  publifhed  it  in  1596,  under  the 
title  of  Myfierium  Cofmographicum » 

Kepler  fent  a  copy  of  this  book  to  Tycho  Brahe 3  who  did  not 
approve  of  thofe  abftraded  fpeculations  concerning  the  fyftem 
of  the  world,  but  wrote  to  Kepler ,  firft  to  lay  a  fblid  founda¬ 
tion  in  obfervations,  and  then,  by  afcending  from  them,  to 
firive  to  come  at  the  caufes  of  things.  This  excellent  advice, 
to  which  we  owe  the  more  fblid  difcoveries  of  Kepler •,  deferves 
to  be  copied  from  his  own  account  of  it  * .  a  Argumentum 
fc<  literarum  Bracket  (fays  he)  hoc  erat ;  uti  fufpenfis  jlpecula- 
cc  tionibus  a  priori  defcendentibus,  animum  potius  ad  obferva- 
u  tiones,  quas  fimul  offerebat,  confiderandas  adjicerem.  In- 
<c  que  iis  prime  gradu  facto,  poft  demum,  ad  caufas  af- 
u  cenderemb  In  this  judgment  the  great  men  of  different 
times  have  frequently  confpired,  but  few  have  faithfully  fol¬ 
lowed  it. 


*  Notas  in  editionem  fecondam  Myfterii  Cofmographici.  • 
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Tycho,  however,  pleafed  with  his  genius,  prevailed  with 
Kepler  to  relide  with  him  near  Prague  (where  he  paffed  the 
laft  years  of  his  life,  after  havingleft  his  native  country  on  fomeill 
ufage)  and  to  affift  him  in  his  aftronomical  labours.  Soon 
after  this  Tycho  died,  but  Kepler  made  many  important  dif- 
coveries  from  his  obfervations :  he  found  that  aftronomers  had 
erred,  from  the  firft  rife  of  the  fcience,  in  afcribing  always 
circular  orbits  and  uniform  motions  to  the  planets  ;  that  each 
of  them  moves  in  an  ellipfis  which  has  one  of  its  foci  in  the 
center  of  the  fun;  that  the  motion  of  each  is  really  unequable  ; 
and  varies  fo,  that  a  ray  fuppofed  to  be  always  drawn  from 
the  planet  to  the  fun  defcribes  equal  areas  in  equal  times. 

It  was  fome  years  later  before  he  difcovered  the  analogy 
there  is  between  the  diftances  of  the  feveral  planets  from  the 
fun,  and  the  periods  in  which  they  complete  their  revolutions. 
He  eaftly  faw  that  the  higher  planets  not  only  moved  in  greater 
circles,  but  alfo  more  flowly  than  the  nearer  ones ;  fo  that,  on 
a  double  account,  their  periodic  times  were  greater  ;  Satur 
for  example,  revolves  at  a  diftance  from  the  fun  nine  times  and 
a  half  greater  than  the  earth’s  diftance  from  it ;  and  the  circle 
defcribed  by  Saturn  is  in  the  fame  proportion;  and  as  the  earth 
revolves  in  one  year,  fo,  if  their  velocities  were  equal,  Saturn 
ought  to  revolve  in  nine  years  and  a  half ;  whereas  the  periodic 
time  of  Saturn  is  above  twenty  nine  years.  The  periodic 
times  of  the  planets  increafe,  therefore,  in  a  greater  proportion 
than  their  diftances  from  the  fun  ;  but  not  in  fo  great  a  pro¬ 
portion  as  the  fquares  of  thofe  diftances  ;  for  if  that  was  the 
law  of  their  motions  (the  fquare  of  9!  being  90^)  the  periodic 
time  of  Saturn  ought  to  be  above  90  years.  A  mean  propor¬ 
tion  betwixt  that  of  the  diftances  of  the  planets,  and  that  of 
the  fquares  of  thofe  diftances,  is  the  true  proportion  of  the 
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periodic  times ;  as  the  mean  betwixt  g\  and  its  fquare  90 1  gives 
the  periodic  time  of  Saturn  in  yeais.  Kepler  ^  after  having 
committed  feveral  miftakes  in  determining  this  analogy,  hit 
upon  it  at  laft  in  1618,  May  15th,  for  he  is  fo  exadt  as  to 
mention  the  precife  day  when  he  found,  that  <c  The  fquares 
“  of  the  periodic  times  were  always  in  the  fame  propor- 
u  tion  as  the  cubes  of  their  mean  diflances  from  the  fun. 
This  is  only  a  very  brief  and  fummary  account  of  the  fruits  of 
his  great  labours  for  many  years  on  the  obfervations  made  by 

Tycho  *. 

When  Kepler  faw  that  his  difpofition  of  the  five  regular 
folids  amongfl  the  planetary  fpheres  was  not  agreeable  to  the 
intervals  between  their  orbits,  according  to  better  obforvations, 
he  endeavoured  to  difeover  other  fchemes  of  harmony.  For  this 
purpofe,  he  compared  the  motions  of  the  fame  planet  at  its 
greateft  and  leafl  diflances,  and  of  the  different  planets  in 
their  feveral  orbits,  as  they  would  appear  viewed  from  the  fun  j 
and  here  he  fancied  that  he  found  a  fimilitude  to  the  divifions 
of  the  o&ave  in  mufick.  Thefe  were  the  dreams  of  this  in¬ 
genious  man,  of  which  he  was  fo  fond,  that,  hearing  of  the 
difeovery  of  four  new  planets  (the  fatellites  of  Jupiter)  by 
Galileo ,  he  owns  that  his  firft  reflexions  were  from  a  con¬ 
cern  how  he  could  fave  his  favourite  foheme,  which  was 
threatned  by  this  addition  to  the  number  of  the  planets  F* 
The  fame  attachment  led  him  into  a  wrong  judgment  of  the 
fphere  of  the  fixed  ftars  J  :  for  being  obliged,  by  his  dodhine, 
to  allow  a  vafl  fuperiority  to  the  fun  in  the  univerfe,  he  re¬ 
trains  the  fixed  ftars  within  very  narrow  limits.  Nor  did  he 
confider  them  as  funs,  placed  in  the  centers  of  their  feveral 


*  See  his  Tabulae  Rudolphinae,  and  Comment,  de  ftella  Martis. 
•f-  Differt.  cum  nuncio  fidereo. 

X  Epitome  Aftronomue,  lib.  4.  part  1 . 
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fyftems,  having  planets  revolving  round  them  ;  as  the  other 
followers  of  Copernicus ,  from  their  having  light  in  themfelves, 
their  immenfe  diftances,  and  from  the  analogy  of  nature,  have 
concluded  them  to  be.  Not  contented  with  thefe  harmonies, 
which  he  had  learned  from  the  obfervations  of  Tycho  >  he  gave 
himfelf  the  liberty  to  imagine  feveral  other  analogies,  that 
have  no  foundation  in  nature,  and  are  overthrown  by  the  beft 
obfervations.  Thus  from  the  opinions  of  Kepler ,  tho’  moft 
juftly  admired,  we  are  taught  the  danger  of  efpoufmg  prin¬ 
ciples,  or  hypothefes,  borrowed  from  abftra&ed  fciences,  and 
of  applying  them,  with  fuch  liberty,  to  natural  enquiries. 

A  more  recent  inftance  of  this  fondnefs,  for  difcovering 
analogies  between  matters  of  abflraded  i peculation  and  the 
conftitution  of  nature,  we  find  in  Huygens ,  one  of  the 
greateft  geometricians  and  aftronomers  any  age  has  produced  : 
when  he  had  difcovered  that  fatellite  of  Saturn ,  which,  from 
him,  is  ftill  called  the  Huygenian  fatellite,  this,  with  our 
moon,  and  the  four  fatellites  of  Jupiter ,  completed  the  num¬ 
ber  of  fix  fecondary  planets  then  difcovered  in  the  fyftem  :  and, 
becaufe  the  number  of  the  primary  planets  is  alfo  fix,  and  this 
number  is  called  by  mathematicians  a  perfed:  number,  (being 
equal  to  the  fum  of  its  aliquot  parts,  1,  2,  and  3,  *)  Huy¬ 
gens  was  hence  induced  to  believe  that  the  number  of  the 
planets  was  complete,  and  that  it  was  in  vain  to  look  for  any 
more  ■f.  We  do  not  mention  this  to  leffen  this  great  man, 
who  never  perhaps  reafoned  in  fuch  a  manner  on  any  other  oc- 
calion ;  but  only  to  fliew,  by  another  inftance,  how  illgrounded 
reafonings  of  this  kind  have  always  proved  :  for,  not  long 
after,  the  celebrated  Cajfini  difcovered  four  more  fatellites  about 


*  Elem.  Euclid,  lib.  7.  defin.  ult. 
f  See  the  dedication  of  his  Syftema  Saturnium. 
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Saturn ,  fo  that  the  number  of  fecondary  planets  now  known 
in  the  fyftem  is  ten.  The  fame  Cafftni  having  found  that  the 
analogy",  difcovered  by  Kepler ,  between  the  periodic  times  and 
the  diftances  from  the  centre,  takes  place  in  the  leffer  fyftems 
of  Jupiter  and  Saturn ,  as  well  as  in  the  great  folar  fyftem ; 
his  observations  overturned  that  groundlefs  analogy  which  had 
been  imagined  between  the  number  of  the  planets,  both  pri¬ 
mary  and  fecondary,  and  the  number  fix  ;  but  eftablifhed, 
at  the  fame  time,  that  harmony  in  their  motions,  which  will, 
afterwards,  appear  to  flow  from  one  real  principle  extended  over 

the  univerfe. 

5.  But  to  return  to  Kepler ,  his  great  fagacity,  and  conti¬ 
nual  meditation  on  the  planetary  motions,  fuggefted  to  him 
fome  views  of  the  true  principles  from  which  thefe  motions 
flow.  In  his  preface  to  the  commentaries  concerning  the 
planet  Mars ,  he  fpeaks  of  gravity  as  of  a  power  that  was 
mutual  betwixt  bodies,  and  tells  us  that  the  earth  and  moon 
tend  towards  each  other,  and  would  meet  in  a  point  fo  many 
times  nearer  to  the  earth  than  to  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He 
adds,  that  the  tides  arife  from  the  gravity  of  the  voters  to¬ 
wards  the  moon.  But  not  having  juft  enough  notions  of  the 
laws  of  motion,  he  does  not  feem  to  have  been  able  to  make 
the  beft  ufe  of  thefe  thoughts  ;  nor  does  he  appear  to  have 
adhered  to  them  fteadily,  fince  in  his  epitome  of  aftronomy, 
publifhed  eleven  years  after,  he  propofes  a  phyfical  account  of 
the  planetary  motions,  derived  from  different  principles. 

He  fuppofes,  in  that  treatife,  that  the  motion  of  the  fun  on 
his  axis  is  preferved  by  fome  inherent  vital  principle  ;  that  a 
certain  virtue,  or  immaterial  image  of  the  fun,  is  diffufed 
with  his  rays  into  the  ambient  fpaces,  and,  revolving  with  the 
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body  of  the  fun  on  his  axis,  takes  hold  of  the  planets  and 
carries  them  along  with  it  in  the  fame  direction  ;  as  a  load- 
ftone  turned  round  in  the  neighbourhood  of  a  magnetic  needle 
makes  it  turn  round  at  the  fame  time.  The  planet,  according 
to  him,  by  its  inertia  endeavours  to  continue  in  its  place,  and 
the  action  of  the  fun’s  image  and  this  inertia  are  in  a  perpetual 
ftruggle.  He  adds,  that  this  action  of  the  fun,  like  to  his 
light,  decreafes  as  the  diftance  increafes  ;  and  therefore  moves 
the  fame  planet  with  greater  celerity  when  nearer  the  fun,  than 
at  a  greater  diftance.  To  account  for  the  planet’s  approaching 
towards  the  fun  as  it  defcends  from  the  aphelium  to  th z  perihe- 
Hum ,  and  receding  from  the  fun  while  it  afcends  to  the  aphelium 
again,  he  fuppofes  that  the  fun  attracts  one  part  of  each 
planet,  and  repells  the  oppofite  part ;  and  that  the  part  which 
is  attracted  is  turned  towards  the  fun  in  the  defcent,  and  that 
the  other  part  is  towards  the  fun  in  the  afcent.  By  fuppofitions 
of  this  kind,  he  endeavoured  to  account  for  all  the  other 
varieties  of  the  celeftial  motions. 


Now  the  laws  of  motion  are  better  known  than  in  Kepler  s 
time,  it  is  eafy  to  fhew  the  fallacy  of  every  part  of  this  ac¬ 
count  of  the  planetary  revolutions.  The  planet  does  not  en¬ 
deavour  to  flop  in  its  place  in  confequence  of  its  inertia ,  but 
to  perfevere  in  its  motion  in  a  right  line.  An  attractive  force 
makes  it  defcend  from  the  aphelium  to  the  perihelium  in  a 
curve  concave  towards  the  fun  :  but  the  repelling  force,  which 
he  fuppofed  to  begin  at  the  perihelium ,  would  cauie  it  to  afcend 
in  a  figure  convex  towards  the  fun.  We  fhall  have  occafton 
to  fhew  afrerwards,  from  Sir  Ifaac  Newton ,  how  an  attraction 
or  gravitation  towards  the  fun,  alone,  produces  the  eftedls, 
which,  according  to  Kepler ,  required  both  an  attractive  and 
repelling  force  \  and  that  the  virtue  which  he  afcribed  to  the 

funs 
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fun’s  image,  propagated  into  the  planetary  regions,  is  unne- 
cefiary,  as  it  could  be  of  no  ufe  for  this  effedt  tho’  it  were  ad¬ 
mitted.  For  now  his  own  prophecy,  with  which  he  concludes 
his  book  *,  is  verified  ;  where  he  tells  us  that  “  the  difcovery  of 
«  fuch  things  was  referved  for  the  fucceeding  age,  when  the 
<!  Author  of  nature  would  be  pleafed  to  reveal  thofe  myfteries.” 

6.  In  the  mean  time,  Galileo  made  furprizing  difcoveries  in 
the  heavens  by  the  telefcope,  an  inftrument  invented  in  that 
time  ;  and,  by  applying  geometry  to  the  dodrine  of  motion, 
began  to  eftablilh  natural  philofophv  on  a  fure  foundation. 
He  made  the  evidence  of  the  Copernican  fyftem  more  fenfible, 
when  he  fhewed  from  the  phafes  of  F enus,  like  to  the 
monthly  phafes  of  the  moon,  that  Femes  a&ually  revolves 
about  the  fun.  He  proved  the  revolution  of  the  fun  on  his 
axis,  from  his  fpots ;  and  thence  the  diurnal  rotation  of  the 
earth  became  more  credible.  The  four  fatellites  that  attend 
Jupiter  in  his  revolution  about  the  fun,  reprefented,  in 
Jupiter  %  leflfer  fyftem,  a  juft  image  of  the  great  folar  fyftem  ; 
and  rendered  it  more  eafy  to  conceive  how  the  moon  might 
attend  the  earth,  as  a  fatellite,  in  her  annual  revolution.  By 
difcovering  hills  and  cavities  in  the  moon,  and  fpots  in  the  fun 
conftantly  varying,  he  fhewed  that  there  was  not  fo  great  a 
difference  between  the  celeftial  and  fublunary  bodies  as  the 
philofophers  had  vainly  imagined  f. 

*  J-Jaec  et  eastern  hujufmodi  latent  in  pandedtis  asvi  fequentis,  non  antea  dif- 
cenda  quam  librum  hunc  Deus  arbiter  feculorum  recluferit  mortalibus.  Epit.  Aftron. 

*  Galileo  obferved  fomething  very  extraordinary  about  Saturn ,  which  he  imagined 
to  be  two  Satellites  almoft  in  contact  with  his  body  •,  ana  Des  Cartes  fancied.  thefe 
two  Satellites  were  quiefeent  in  his  vortex,  becauie  (as  he  luppoied)  Saturn  did  not 
turn  round  on  his  axis  ;  but  Huygens  fhewed  that  this  appearance  proceeded  fiom  a 
ring  that  encompafifes  his  body,  without  touching  it,  and  accompanies  him  in  his 
revolution  about  the  fun. 

He 
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He  did  no  lefs  fervice  by  treating,  in  a  clear  and  geome¬ 
trical  manner,  the  dodrine  of  motion,  which  has  been  juftly 
called  the  key  of  nature.  The  rational  part  of  mechanics  had 
been  fo  much  negleded,  that  there  was  hardly  any  improve¬ 
ment  made  in  it,  from  the  time  of  the  incomparable  Archi¬ 
medes  to  that  of  Galileo  5  but  this  laft  named  author  has  given 
us  fully  the  theory  of  equable  motions,  and  of  fuch  as  are 
uniformly  accelerated  or  retarded,  and  of  thefe  two  com¬ 
pounded  together.  He,  firfl,  demonftrated,  that  the  fpaces 
defcribed  by  heavy  bodies  from  the  beginning  of  their  defcent 
are  as  the  fquares  of  the  times,  and  that  a  body,  projeded 
in  any  direction  that  is  not  perpendicular  to  the  horizon,  de- 
fcribes  a  parabola.  Thefe  were  the  beginnings  of  the  dodrine 
of  the  motion  of  heavy  bodies,  which  has  been  flnce  carried  to 
fo  great  a  height  by  Sir  Ifaac  Newton. 

He  alfo  difcovered  the  gravity  of  the  air,  and  endeavoured 
to  compare  it  with  that  of  water  ;  and  opened  up  feveral 
other  enquiries  in  natural  philofophy.  He  was  not  efteem’d 
and  followed  by  philofophers  only,  but  was  honoured  by  per- 
fons  of  the  greateft  diftindion  of  all  nations.  Des  Cartes , 
indeed,  *  after  commending  him  for  applying  geometry  to 
phyflcs,  complains  that  he  had  not  examined  things  in  order, 
but  had  enquired  into  the  reafons  of  particular  effeds  only  ; 
adding  that,  by  his  palling  over  the  primary  caufes  of  nature, 
he  had  built  without  a  foundation.  He  did  not,  ’tis  true,  take 
fo  high  a  flight  as  Des  Cartes ,  or  attempt  fo  univerfal  a  fyftem ; 
but  this  complaint,  I  doubt,  muft  turn  out  to  Galileo  syenite  ; 
while  the  cenfure  of  Des  Cartes  fhews  that  he  had  the  weaknefs 
to  be  vain  of  the  worfl:  part  of  his  writings. 

*  Epiftol.  part  2.  epift.  91. 

But 
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But  all  the  merit  of  this  excellent  philofopher  and  elegant 
writer  conld  not  preferve  him  from  perfecution  in  his  old  age. 
Some  pretended  philofophers,  who  had  imprudently  obje&ed 
againft  his  new  difcoveries  in.  the  heavens,  when  they  found 
themfelves  worded  and  expofed  to  ridicule,  turned  their  hatred 
and  refentment  againft  his  perfon.  He  was  obliged,  by  the 
rancour  of  the  Jefuits  (as  ’tis  faid  *)  and  the  weaknefs  of  his 
prote&or,  to  go  to  Rome,  and  there  folemnly  renounce  the 
dodtrine  of  the  motion  of  the  earth,  which  he  had  argued 
for  with  fo  much  ingenuity  and  evidence  +.  After  this  cruel 
ufao-e  he  was  filent  for  fome  time,  but  not  idle  ;  for  we  have 
valuable  pieces  of  his  of  a  later  date. 

7.  Sir  Francis  Bacon  Lord  Verulam  J,  who  was  cotem¬ 
porary  with  Galileo  and  Kepler ,  is  juftly  held  amongft  the 
reftorers  of  true  learning,  but  more  efpecially  the  founder  of 
experimental  philofophy.  When  he  was  but  ftxteen  years  old, 
he  began  to  diflike  the  vulgar  phyfics  and  what  was  called 
Arifiotle  s  philofophy.  He  faw  there  was  a  neceffity  for  a 
thorough  reformation  in  the  way  of  treating  natural  knowledge, 
and  that  all  theory  was  to  be  laid  aftde  that  was  not  founded  on 
experiment.  He  propofed  his  plan  in  his  inftauratio  magnay 
with  fo  much  ftrength  of  argument,  and  fo  juft  a  zeal,  as 
renders  that  admirable  work  the  delight  of  all  who  have  a 
tafte  for  folid  learning. 

*  Vir  in  omni  mathematum  parte  fummus  Galileus  Galilei ,  Jefuitarum  in  ipfum 
odio,  ac  principis  Thufci  fub  quo  vixit  focordi  metu,  coadtus  ire  Romam,  ideo 
quod  terram  moviffet,  non  vetante  veftro  Hortenfio ,  dure  habitus,  ut  majus  vitaret 
malum,  quafi  ab  ecclefia  edodtus,  fua  fcita  refcidit.  Hug.  Grotius  in  epiftola  ad 
Vojfium ,  Lutet.  17.  maii,  1635. 

f  He  was  befides  condemned  to  a  years  imprifonment  in  the  inquifition,  and  the 
penance  of  repeating  daily  fome  penitential  pfalms. 

%  He  was  born  in  1560,  Galileo  in  1564. 
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He  confiders  natural  pliilofophy  as  a  vafl  pyramid,  that 
ought  to  have  the  hiftory  of  nature  for  its  balls  ;  an  account 
of  the  powers  and  principles  that  operate  in  nature,  which  he 
calls  the  phyfical  part,  for  its  fecond  ftage  ;  and  the  metaphy- 
fical  part,  that  treats  of  the  formal  and  final  caufes  of  things, 
for  its  third  fiage.  But  as  for  the  fummit  of  this  pyra¬ 
mid,  the  fupreme  of  nature,  opus  quod  operatur  Deus  a 
principio  ufque  ad  finem ,  as  he  exprefles  it,  he  doubts  if 
men  can  ever  attain  to  the  full  knowledge  of  it.  The 
philofophers  who  ftrive  to  erect  thefe  by  the  force  of  ab- 
ftrad  fpeculation  he  compares  to  the  giants  of  old,  who,  ac¬ 
cording  to  the  poets,  endeavoured  to  throw  mount  Offa  upon 
Peliort ,  and  Olympus  upon  0[[a. 

An.artift,  fays  this  noble  author,  Would  expole  himfelf  to  the 
jufteft  ridicule,  who,  in  order  to  raife  fome  vaft  obelilk,  ihould 
attempt  it  by  the  force  or  his  arms,  inftead  of  employing  the 
proper  machines  ;  or  if,  after  finding  himfelf  Unequal  to  the 
talk,  he  fhould  call  for  the  aid  of  more  workmen  in  the  lame 
way.  Would  he  appear  lefs  ridiculous  if  he  Ihould  next  fet 
about  chufing  his  men,  and  examining  them  carefully,  that 
he  might  employ  the  vigorous  and  robuft  only  ?  or  if,  after  he 
found  this  was  to  no  purpofe,  he  fhould  then  apply  himlelf 
to  ftudy  the  athletic  art,  and  learn  to  compofe  curious  oint¬ 
ments  for  ftrengthening  their  limbs,  or  confult  learned  phy- 
ficians,  who,  by  proper  medicaments,  fhould  promote  their 
health  and  vigour  ?  Nor  are  they  lefs  abfurd,  in  our  noble 
author’s  judgment,  who  labour  to  interpret  nature  by  the 
force  and  fubtlety  of  genius  only,  tho’  they  fhould  affume  the 
aid  of  the  acuteft  men  in  the  fame  work,  and  carry  the 
dialedicks,  or  the  art  of  reafoning,  to  the  greatefl  height  for 
this  purpofe.  0 
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The  empirical  philofophers,  thofe  who  have  no  higher  view 
than  to  collect  the  hiftory  ot  nature,  he  compares  to  the  ants, 
who  gather  the  grain  and  lay  it  up  as  they  find  it  (unlefs  it  e 
true,  as  is  reported  of  them,'  that  they  firft  take  care  it  fhould 
not  germinate  or  become  fruitful;)  the  Sophijts  to  the 
fpiders,  who  form  their  webs  from  their  own  bowels,  to 
catch  unwary  infeds  in  their  aerial  flights  ;  while  the  bee  that 
o-athers  the  matter  from  the  flowers  of  the  field,  front  which 
with  admirable  {kill  fhe  makes  her  honey,  is  the  emblem  oi 
the  true  philofopher  ;  who  neither  trufts  wholly  to  his  own 
underftanding,  nor  contents  himfelf  with  recording  t  e  matter 
with  which  he  is  furnifhed  from  natural  hiftory  or  mechanica 
experiments  ;  but,  by  reafoning  fkilfully  from  them,  brings 
forth  truth  and  fcience,  the  great  and  noble  production  ot  the 
human  faculties.  From  the  neglect  of  experiments  it  aroie, 
that  while  nature  was  infinite,  natural  knowledge  was  at  a 
ftand  for  many  ages,  and  that  the  various  feds  wandered  in 
the  dark,  without  kindling  any  light  to  guide  them,  or ^fln 
ing  any  path  to  condud  them  in  her  mazes.  But,  from  a  happy 
eoniundion  of  the  experimental  and  rational  faculties,  Lord 
Verulam  conceived  the  higheft  expedations.  Alexander , 

he  tells  us,  and  Ccefar  performed  exploits  that  are  truly  greater 
than  thofe  reported  of  king  Arthur  or  Amadts  de  Gaul ;  tho 
they  aded  by  natural  means,  without  the  aid  of  magic  or 

prodigy. 

It  was  with  great  juftice,  and  very  feafonably,  he  repie- 
hended  thofe  *  who,  “  upon  a  weak  conceit  oi  fobriety,  or 
“  ill-applied  moderation,  thought  or  maintained  that  a  man 
a  can  fearch  too  far,  or  be  too  well  ftudied  in  the  book  o 

*  Bacon's  Advancement  of  Learning,  lib.  x. 
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“  God’s  word,  or  in  the  book  of  God’s  works.  But  rather, 
“  he  adds,  let  men  awake  themfelves,  and  chearfully  endea- 
“  vour  and  purfue  an  endlefs  progrefs  and  proficiency  in 
u  both  ;  only  let  them  beware  left  they  apply  knowledge  to 
“  pride,  not  to  charity,  to  oftentation,  not  to  ufe.”  He  ob- 
ferves,  that  a  fuperficial  tafte  of  philofophy  may  perchance  in¬ 
cline  the  mind  to  atheifm  ;  but  a  full  draught  thereof  brings 
it  back  again  to  religion  :  in  the  entrance  of  philofophy,  when 
the  fecond  caufes  moft  obvious  to  the  fenfes  offer  themfelves  to 
the  mind,  we  are  apt  to  cleave  unto  them,  and  dwell  too  much 
upon  them,  fo  as  to  forget  what  is  fuperior  in  nature.  But 
when  we  pafs  further,  and  behold  the  dependency,  continuation 
and  confederacy  of  caufes,  and  the  works  of  providence,  then, 
according  to  the  allegory  of  the  poets,  we  eafily  believe  that 
the  higheft  link  of  nature’s  chain  muft  needs  be  tied  to  the  foot 
of  Jupiter  s  chair  ;  or  perceive  “  That  philofophy,  like 
“  Jacob's  vifion,  difcovers  to  us  a  ladder,  whofe  top  reaches 
“  up  to  the  footftool  of  the  throne  of  God.” 

The  A?~iftotelian  philofophy  appeared  unfatisfa&ory  to  Lord 
Bacon,  not  from  want  of  efteem  for  its  author,  whom  he  al¬ 
ways  ufed  to  extol ;  but  becaufe  it  feemed  fit  for  difputes  only, 
and  incapable  of  producing  real  fruit.  Ariftotle ,  he  faid,  had 
fuited  his  phyfics  to  his  logic,  inftead  of  giving  fuch  a  kind 
of  logic  as  might  be  of  real  ufe  in  phyfics.  To  fupply  this 
defedt,  he  compofed  his  novum  organmn  \  where  his  chief  defign 
is  to  ftiew  how  to  make  a  good  induSHon,  as  Arijlotle  s  was  to 
teach  how  to  make  a  good  fydogifm .  Had  the  philofophers, 
fince  Lord  Verulatns  time,  adhered  more  clofely  to  his  plan, 
their  fuccefs  had  been  greater  ;  and  Sir  Ifaac  Newtons  philo¬ 
fophy  had  not  found  the  learned  fo  full  of  prejudices  againft  it, 
in  favour  of  fome  fyftems  lately  invented  and  mightily  ex¬ 
tolled  by  fpeculative  men  ;  that  while  all  admired  the  fublime 

I  2  geometry 
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geometry  which  fhone  throughout  his  work,  few  for  fome 
time  appeared  to  be  dilpofed  to  hearken  to  his  philofophy,  or 
in  a  condition  to  judge  of  it  impartially. 

8.  However,  Lord  Bacon  s  exhortations  and  example  had  a 
good  effect  ;  and  experimental  philofophy  has  been  much 
more  cultivated  fince  his  time  than  in  any  preceding  period. 
Geometry  and  philofophy  advanced  together  at  a  great  pace, 
and  gave  mutual  aid  to  each  other.  The  evidence  of  geometry 
began  to  take  place  in  philofophy,  while  all  things  were 
examined  by  number,  weight,  and  meafure  ;  and  the  prin¬ 
ciples  of  the  theory  of  motion,  being  now  clearly  underftood, 
furnished  excellent  illuftrations  of  the  abftrufe  parts  of  geo¬ 
metry.  Galileo  had  fcholars  worthy  of  fo  great  a  matter,  by 
whom  the  gravitation  of  the  atmofphere  was  eftablifhed  fully, 
and  its  varying  preffure  accurately  and  conveniently  meafured, 
by  the  column  of  quick-ttlver  of  equal  weight  fuftained  by  it 
in  the  barometrical  tube.  The  elatticity  of  the  air,  by  which 
it  perpetually  endeavours  to  expand  itfelf,  and,  while  it  ad¬ 
mits  of  condenfation,  retttts  in  proportion  to  its  denfity,  was 
a  phenomenon  of  a  new  kind  (the  common  fluids  having  no 
fuch  property)  and  of  the  utmoft  importance  to  philofophy. 
Thefe  principles  opened  up  a  vaft  field  of  new  and  ufeful 
knowledge,  and  explained  a  great  variety  of  phenomena, 
which  had  been  accounted  for  in  an  abfurd  manner  before  that 
time.  It  feem’d  as  if  the  air,  the  fluid  in  which  men  lived 
from  the  beginning,  had  been  then  fir  ft  difeovered.  Philo- 
fophers  v/ere  every  where  bufy  enquiring  into  its  various  pro¬ 
perties  and  their  effects  ;  and  valuable  difeoveries  rewarded 
their  induftry.  Of  the  great  number  who  diftinguifhed  them- 
felves  on  this  occafion,  we  cannot  but  mention  Torricelli  in 
Italy,  Pafchal  in  France ,  Otto  Guerick  in  Germany ,  and  Boyle 
in  England. 


The 
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The  views  of  philofophers  began  now  to  be  mightily  en¬ 
larged,  not  by  their  difcoveries  concerning  the  air  only,  but 
likewife  by  their  enquiries  into  the  more  potent  element  fire 
and  its  effects,  and  into  the  chymical  compofition,  refolution, 
and  changes  of  bodies.  For  about  this  time  chymifts  began 
to  fpeak  more  intelligibly  concerning  their  art,  and  to  conned: 
it  in  fome  degree  with  natural  philofophy,  or  to  confider  it, 
at  leaf!:,  as  not  quite  foreign  to  it.  This  we  owe  in  great 
meafure  to  the  honourable  Mr.  Boyle ,  whofe  favourite  ftudy 
chymiftry  is  faid  to  have  been,  and  who  was  happy  in 
an  eafy  and  familiar  manner  of  defcribing  the  fubjeds  which 
were  treated  by  him. 


It  mu  ft  be  owned  that  none  ever  took  fo  great  pains  to  pro¬ 
mote  natural  knowledge,  in  all  its  branches,  or  the  beft  im¬ 
provement  that  can  be  made  of  it,  than  this  excellent  perfon. 
It  has  been  obferved  that  he  was  born  the  fame  year  that 
Lord  Bacon  died,  as  if  he  had  been  deftin’d  to  carry  on  his 
plan.  Fie  fpared  no  labour  nor  coft  in  coileding  the  hiftory  ot 
nature,  and  making  curious  and  ufeiul  experiments  of  all  forts. 
As  Lord  Bacon  s  plan  comprehended  the  whole  compafs  of 
nature,  fo  the  variety  of  enquiries  profecuted  by  Mr.  Boyle , 
with  great  care  and  attention,  is  very  furprizing,  and  perhaps 
not  to  be  parallel’d.  Hydroftatics,  tho’  a  moft  ufeful  branch 
of  mechanical  philofophy,  had  been  but  ill  underftood,  till 
he  eftablifhed  its  principles,  and  illuftrated  its  paradoxes,  by 
a  number  of  plain  experiments,  in  a  fatisfadory  manner. 
The  dodrine  of  the  air  afforded  him  an  ample  field  ;  and,  in 
all  his  refearches,  he  ftiewed  a  genius  happily  turned  for  ex¬ 
perimental  philofophy,  with  a  peried  candour,  and  a  regular 
condefcenfion  in  examining  with  patience,  and  refuting,  with¬ 
out  oftentation,  the  errors  which  philofophers  had  been  led 

into 
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into  from  their  prejudices,  and  the  many  artful  fubterfuges  by 
which  they  ftroveto  fupport  them.  Theunexceptionableintegrity, 
extenfive  charity,  and  fingular  piety  of  this  excellent  perfon 
did  great  honour  to  philofophy,  and  formed  an  eminent  part 
of  his  charader.  The  world  he  confidered  as  the  temple  of 
God,  and  *  “  man  (to  ufe  his  own  words)  as  born  the  prieft 
“  of  nature,  ordained  (by  being  qualified)  to  celebrate  divine 
“  fervice,  not  only  in  it  but  for  it.”  Not  fatisfied  with  hav¬ 
ing  promoted  the  belief  of  a  Deity  and  the  evidence  of  true 
religion,  to  the  utmoft  of  his  power,  in  the  great  number  of 
volumes  compofed  by  him,  on  every  occafion  during  the 
courfe  of  a  laborious  life,  he  has  taken  care,  by  his  will,  to 
perpetuate  a  fucceffion  of  advocates  tor  it,  who  lhould  make 
the  fame  improvement  not  of  his  difcoveries  only,  or  of  thofe 
of  former  times,  but  of  what  fliould  be  produced  by  future 
ages.  In  this  defign,  worthy  of  him,  the  fuccefs  has  been 
anfwerable  to  his  intentions  ;  and  furely  fuch  a  man,  we  mull 
allow,  was  not  an  ornament  to  his  own  age  and  country  only, 
but  a  publick  benefit  to  all  times  and  nations. 

I  , 

We  are  now  arrived  at  the  happy  sera  of  experimental  phi¬ 
lofophy  ;  when  men,  having  got  into  the  right  path,  pro- 
fecuted  ufeful  knowledge  ;  when  their  views  of  nature  did 
honour  to  them,  and  the  arts  received  daily  improvements; 
when  not  private  men  only,  but  locieties  of  men,  with  united 
zeal,  ingenuity  and  induftry,  profecuted  their  enquiries  into 
the  fecrets  of  nature,  devoted  to  no  fed  or  fyftem.  But  we 
are  obliged  to  abandon,  at  prefent,  the  agreeable  talk  of  fol¬ 
lowing  them  in  their  difcoveries,  in  this  flourifhing  period  of 
fcience,  to  give  account  of  a  moft  illulive  fcheme  of  fpe- 
culative  philofophy  that  prevailed  amongft  many  at  this  very 
time,  and,  by  mifleading  ingenious  men,  corrupted  their  no- 

*  Boyle's  Ufefulnefs  of  Natural  Philofophy,  part  i.  efiay  3. 
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tions  and  retarded  their  progrels.  It  feems  that,  however 
fertile  this  period  was  in  new  inventions,  nature  did  not  unveil 
herfelf  readily  enough  to  fatisfy  the  impatience  of  fome 
men,  who  could  not  be  contented  with  thofe  views  of  her 
which  time  and  indudry  produced  to  them.  Therefore  they 
hearkned  again  to  the  vain  promifes  of  thofe  who  pretended  to 
unravel  all  her  myderies  at  once,  by  the  force  of  their  abdracted 
fpeculations.  The  Cartefian  fyftem  was  the  mod  extenfive, 
and  (according  to  many)  the  mod  exquifite  in  its  contrivance, 
of  any  that  have  been  imagined.  The  author  of  it  was  a 
bold  philofopher,  and  doubtlefs  of  a  fubtle  genius,  to  in¬ 
dulge  which  he  retired  from  the  world  ror  many  years.  He 
valued  himfelf  on  his  clear  ideas,  and  is  allowed  to  have  con¬ 
tributed  to  didipate  the  darknefs  of  that  fort  of  fcience  which 
prevailed  in  the  lchools.  If  we  may  believe  fome  accounts, 
he  rejected  a  void  from  a  complailance  to  the  tade  which  then 
prevailed,  againd  his  own  drd  lentimenis  1  and  amongd  his 
familiar  friends,  uled  to  call  his  lydem  his  philolophical  ro¬ 
mance.  It  had  however  great  fuccefs  ;  and  his  do&rines  dill 
prevail  fo  much,  that  it  is  necedary  for  our  purpofe  to  give  a 
fhort  account  of  them. 


C  H  A  P. 
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CHAP.  IV. 

Of  the  philofophical  principles  of  Des  Cartes,  the  e7nendations 
of  his  followers ,  and  the  prefent  controverftes  in  7tatural 
philofophy . 

DR S  Cartes  begins  his  prmcipia  by  Brewing  the  necefiity 
of  doubting  firft  of  every  thing,  in  order  to  our  ob¬ 
taining  certain  knowledge  ;  and  recommends  to  his  readers  to 
confider  his  reafons  for  doubting  of  all  things,  not  once  only, 
but  to  employ  weeks,  or  even  months,  on  thefe  alone,  before 
he  proceed  farther.  He  firft  eftablifhes  the  certainty  of  our 
own  exiftence,  and  that  of  our  ideas  of  which  we  are  intimately 
confcious  to  ourfelves  ;  of  the  exiftence  of  which,  however, 
after  all  he  has  faid,  it  feems  impofiible  for  us  to  doubt  for  a 
moment.  From  our  having  the  idea  of  a  Being  infinitely  per¬ 
fect  and  neceflarily  exifting,  he  concludes  that  fuch  a  Being 
actually  is  ;  upon  whofe  will  he  makes  the  certainty  of  felf- 
evident  propofitions,  or  axioms  *,  as  well  as  of  all  other  n@- 
ceflfary  truths,  to  depend. 

From  the  knowledge  of  the  caufe  eftablifhed  in  this  manner, 
he  pretends  to  deduce  a  complete  knowledge  of  his  effe&s, 
by  neceftary  fteps.  It  is  clear,  fays  he  that  we  fhall  follow 
the  beft  method  in  philofophy,  if,  from  our  knowledge  of  the 
Deity  himfelf,  we  endeavour  to  deduce  an  explication  of  all  his 
works  ;  that  fo  we  may  acquire  the  moft  perfed  kind  of 

*  According  to  him,  the  Deity  did  not  will  that  the  three  angles  of  a  triangle 
fliould  be  equal  to  two  right  ones,  becaufe  he  knew  that  it  could  not  be  otherwife  ; 
but,  becaufe  he  would  that  the  three  angles  of  a  triangle  fhould  necefifarily  be  equal 
to  two  right  ones,  therefore  this  is  true  and  can  be  no  otherwife. 

■f  See  thepalTages  cited  above  from  his  Principia,  in  the  notes  upon  §  4.  ch.  1. 
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fcience,  which  is  that  of  effects  from  their  caufes.  As  for  final 
caufes  he  rejected  them  from  philofophy,  as  we  obferved  above ; 
and  from  thefe  pafiages,  which  reprefent  the  genius  of  this 
author’s  philofophy,  and  from  the  manner  in  which  he  lets 
out,  we  may  already  form  fome  judgment  how  hopeful  his 
project  was. 

From  the  veracity  of  the  Deity,  he  infers  the  reality  of  ma¬ 
terial  objedls,  which  are  reprefented  to  us  as  exifting  without 
us.  He  places  the  effence  of  matter  in  extenfion  ;  for  this  alone 
remains,  he  fays,  when  we  reject  hardnefs,  colour,  weight, 
heat  and  cold,  and  the  other  qualities  which,  we  know,  a 
body  can  be  without.  Hence  he  eafily  concludes  that  there  can 
be  no  void,  or  extenfion  without  matter.  He  adds,  however, 
immediately  afterwards,  as  properties  of  matter,  that  its  parts 
are  feparable  and  moveable  ;  tho’  thefe  feem  to  imply  more 
than  mere  extenfion. 

He  defines  motion  to  be  the  tranflation  of  a  body  from 
the  neighbourhood  of  other  bodies  that  are  in  contact  with  it, 
and  are  confidered  as  quiefcent,  to  the  neighbourhood  of  other 
bodies  ;  and  thus  makes  no  diftin&ion  between  abfolute  or  real, 
and  relative  or  apparent  motions ;  both  of  wThich  equally  agree 
to  this  definition.  The  reafon  he  gives  why  the  fame  quantity 
of  motion  muft  be  preferved  for  ever  in  the  univerfe,  without 
any  augmentation  or  diminution  in  the  whole,  muft  appear 
concife,  and  very  extraordinary.  It  is  no  other  than  that  God 
muft  be  fuppofed  to  a£t  in  the  moft  conftant  and  immutable 
manner.  From  the  fame  property  of  the  Deity,  he  infers  that 
a  body  muft  continue  in  its  ftate  as  to  reft,  motion,  figure, 
&c.  till  fome  external  influence  produce  a  change  ;  which  is 
his  firft  law  of  nature  :  that  the  dire&ion  of  motion  is  naturally 
re&ilinear,  or  that  a  body  never  changes  its  direction  of  itfelf ; 

K  which 


66  Sir  ISA  AC  NEW  TOM  Book  I, 

which  is  his  fecond  law  :  and  that  a  body  in  motion,  when  it 
meets  with  another  moving  with  a  greater  force,  is  re¬ 
flected  without  loftng  any  part  of  its  firft  motion  ;  but  when 
it  meets  with  a  body  moving  with  left  force,  it  then  carrier 
this  body  along,  and  lofes  as  much  motion  as  is  transferred  to  it  ; 
and  this  is  his  third  law  of  nature.  He  accounts  for  the  hard- 
nefs  of  bodies  from  their  parts  being  quiefcent  with  refpeft  to 
each  other;  and  for  fluidity,  from  their  being  moved  perpetually 
in  all  diredions.  He  concludes  the  fecond  part  of  his  book 
with  telling  us,  that  thefe  principles  are  fufficient  for  explaining 
all  the  phenomena  of  nature,  and  that  no  other  ought  to  be 
admitted  or  even  wifhed  for. 

He  afterwards  proceeds  t©  fhew  how  the  univerfe  might  have 
affumed  its  prefent  form,  and  may  be  for  ever  preferved,  by 
mechanical  principles.  He  fuppofes  the  particles  of  matter  to 
have  been  angular,  fo  as  to  replenifh  fpace  without  leaving 
any  interflices  between  them  ;  and  to  have  been  in  perpetual 
agitations,  by  which  the  angular  parts  being  broke  off,  the 
particles  themfelves  became  round,  and  formed  what  he  calls 
the  matter  of  the  fecond  element.  The  angular  parts,  being 
ground  into  the  mold  fubtile  particles  of  all,  became  tne  matter 
of  his  firft  element,  and  ferved  to  fill  all  the  pores  of  the  other. 
But  there  being  more  of  this  firft  element  than  w7as  neceft'ary 
for  that  purpofe,  it  became  accumulated  in  the  centers  of  the 
vortiaes,  of  which  he  imagined  the  univerfe  to  confift,  and 
formed  there  the  bodies  of  the  fun  and  ftars.  The  heavens 
were  filled  with  the  matter  of  the  fecond  element,  the  medium, 
of  light.  But  the  planets  and  comets  eonfifted  of  a  third: 
clement  grofier  than  the  other  two,  the  generation  of  wmch 
he  traces  at  length  through  all  its  Heps,  According  to  him*, 
the  matter  of  the  firft  element  muft  have  conftantly  flowed  out 
through  the  interfaces  between  the  fpherical  particles  of  the 
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fecond  element,  where  the  circular  motion  is  greateft,  and 
muft  have  returned  continually  at  the  poles  of  this  motion 
towards  the  centre  of  the  vortex  ;  where  being  apt  to  cohere 
together,  they  at  length  produced  the  gr offer  particles  of  the 
third  ;  and  when  thefe  came  to  adhere  in  a  considerable  quan¬ 
tity,  they  gave  rife  to  the  fpots  on  the  furfaces  of  the  fun$  or 
ftars.  Some  being  crafted  over  with  fuch  fpots  became  pla¬ 
nets  or  comets  ;  and  the  force  of  their  rotation  becoming  lan¬ 
guid,  their  vortices  were  abforbed  by  fome  more  potent  neigh¬ 
bouring  vortex.  In  this  manner  the  folar  fyftem  was  formed, 
the  vortices  of  the  fecondary  planets  having  been  abforbed  by 
the  vortex  of  the  primary,  and  all  of  them  by  that  of  the  fun. 
He  contends  that  the  parts  of  the  folar  vortex  increafe  in  den¬ 
sity,  but  decreafe  in  celerity,  to  a  certain  diftance  ;  beyond 
which  he  fuppofes  all  the  particles  to  be  equal  in  magnitude, 
but  to  increafe  in  celerity  as  they  are  farther  from  the  fun.  I11 
thofe  upper  regions  of  the  vortex  he  places  the  comets  •  in  the 
lower  parts  he  ranges  the  planets  ;  fuppoftng  thofe  that  are 
more  rare  to  be  nearer  the  fun,  that  they  may  correfpond  to 
the  denftty  of  the  vortex  where  they  are  carried  round. 

He  accounts  for  the  gravity  of  terreftrial  bodies  from  the 
centrifugal  force  of  the  aether  revolving  round  the  earth  ; 
which,  he  imagined,  muft  impell  bodies  downwards  that  have 
not  fo  great  a  centrifugal  force,  much  in  the  fame  manner  as  a 
fluid  impel  Is  a  body  upwards  that  is  immerged  in  it,  and  has 
a  lefs  fpecifical  gravity  than  it.  He  pretended  to  explain  the 
phenomena  of  the  magnet,  and  to  account  for  every  thing  in 
nature,  from  the  fame  principles. 

2.  There  never  was,  perhaps,  a  more  extravagant  under¬ 
taking  than  fuch  an  attempt,  to  deduce,  by  neceflary  con- 
fequences,  the  whole  fabric  of  nature,  and  a  lull  explication 
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of  her  phenomena,  from  any  ideas  we  are  able  to  form  of  an 
infinitely  perfed  Being.  Was  it  not  for  the  high  reputation 
of  the  author,  and  of  his  fyftem,  it  would  be  hardly  excufable 
to  make  any  remarks  upon  fuch  a  rhapfody.  Should  we 
allow  the  principles  he  *  builds  on,  and  his  method,  it  muft 
be  obvious  with  how  weak  an  evidence  the  confequences  are 
conne&ed  with  each  other,  in  this  vifionary  chain.  How  juft 
a  method  he  has  taken  to  eftabhfh  the  exiftence  and  attributes 
of  the  Deity  we  fhall  not  enquire,  nor  how  far  his  making  all 
truth  and  falfhood  dependent  on  the  will  of  the  Deity  tends 
to  weaken  all  fcience  and  confound  its  principles.  Wfiile  he 
fuppofes  extenfion  to  conftitute  the  complete  eflence  of  matter, 
he  negle&s  folidity,  and  the  inertia  by  which  it  refills  any 
change  in  its  ftate  of  motion  or  reft  ;  which  diftinguifh  body 
from  fpace.  If  extenfion  be  underftood  to  be  the  eflence  of 
matter,  it  is  a  trifling  propofition  to  affirm  that  ail  fpace  is  full 
of  matter,  according  to  this  definition.  But  ftill  the  queftion 
will  remain,  whether  all  fpace  is  full  of  that  folidr  moveable 
and  refilling  fubftance  commonly  called  body .  And  as  many 
parts  of  fpace  appear  to  make  no  icnfible  reftftance  to  mo¬ 
tion,  while  others  refill  varioufly  in  proportion  to  the  denfity  of 
the  medium  diffufed  over  them,  we  thence  learn  there  is  fpace 
void  of  what  is  commonly  called  matter.  The  comets  which 
move  with  equal  freedom  in  all  directions  with  very  rapid  mo¬ 
tions,  and  carry  along  with  them  tails  of  a  prodigious  fize 
confifling  of  fome  highly  ratified  matter,  fhew  that  the  heavens 
are  not  replenifhed  with  denle  fluids  that  admit  no  void.  For 
it  is  evident  in  experimental  philofophy  that  the  refiftance  of 
fluids  increafes,  cceteris  paribus ,  with  their  denfity  ;  fo  that  alL 
motion  would  foon  languifh  in  a  fluid,  which,  having  no  pores, 
muft  far  furpafs  quick  filver,  or  the  heavieft  folids,  in  denfity.. 
Nothing  is  more  evident,  than  that  the  force  requifite  to  move 

two  equal  bodies  with  a  given  velocity,  is  double  that  which 
4  T  would 
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would  produce  the  lame  celerity  in  either  of  them.  When  we 
compound  greater  bodies  from  lefler,  or  when  we  refolve  them 
into  their  parts,  we  find  that  the  refiftance  or  inertia  increafes 
or  decreafes  in  proportion  to  the  quantity  of  matter.  There¬ 
fore  when  the  velocity  is  given,  if  a  body  moving  in  a  denfer 
fluid  difplaces  more  matter  to  make  way  for  itfelf,  the  re¬ 
fiftance  which  it  meets  with  being  equal  to  the  motion  com¬ 
municated  to  the  parts  of  the  fluid,  it  mull  find  a  refiftance 
proportionally  greater. 

It  is  not  only  from  the  free  motions  of  the  planets  and  comets 
that  we  learn  the  abfurdity  of  the  do&rine  of  an  univerfal  ple¬ 
nitude.  The  moft  common  and  plain  phenomena  of  the 
motions  of  bodies,  at  or  near  the  lui  face  of  the  earth,  are  fiif— 
ficient  to  overthrow  it  ;  for  we  find  that  they  meet  with  no 
fenfible  refiftance  but  from  the  air  :  whereas  fo  denfe  a  fluid, 
as  would  replenifh  all  fpace  equally  would  necefiarily  produce: 
a  very  great  refiftance. 

It  is  objected  *,  that  by  fuppofing  this  denfe  fluid  which 
replenifhes  fpace  to  penetrate  the  pores  of  bodies  with  the: 
utmoft  freedom,  (as  light  paffes  through  tranfparent  bodies,  and 
the  magnetic  and  ele&ric  effluvia  through  moft  kinds  of  bodies) 
its  refiftance  will  then  be  incomparably  lefs  than  in  proportion 
to  its  denfity  ;  for  then  the  refiftance  will  not  be  meafured  by 
the  denfity  of  the  fluid,  becaufes  the  much  greater  part  pafles 
through  the  pores  of  the  body  in  motion,  freely  without  re¬ 
fiftance.  Suppofing  this  to  be  admitted,  it  is,  however,  ob¬ 
vious  that,  even  m  tins  hypo  theirs,  the  refiftance  of  a  golden 
ball  in  a  plenum  would  be  ftili  very  great.  For  this  fubtle  fluid,, 
how  penetrating  foever  it  be,  muft  refill  the,  folid  parts  of  the 

*  In  a  fmall.  piece  publilhed  on  this  fubjedt,  a  few  years  ago,  by  an  ingenious. 

gentleman* 
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ball  ;  which  cannot  move  in  the  fluid  without  difplacing  its 
parts,  and  lofing  as  much  motion  as  muft  he  communicated 
to  thofe  parts  ;  and  this  reEftance  depends  on  the  quantity  of 
folid  parts  in  the  ball  :  whereas  the  reEftance  which  the  fame 
ball  meets  with  in  quick  Elver  (which  we  fuppofe  to  have  no 
paffage  through  the  ball)  depends  on  the  quantity  of  the  folid 
parts  in  an  equal  bulk  of  the  quick  Elver,  which  muft  be 
moved  to  make  way  for  the  ball.  And  this  being  lefs  than  the 
quantity  of  folid  parts  in  an  equal  bulk  of  the  golden  ball,  in 
proportion  as  the  fpecific  gravity  of  quick  Elver  is  lefs  than  that 
of  gold,  it  follows  that  the  reEftance  of  a  golden  ball,  moving 
in  fuch  a  fubtile  penetrating  plenum,  would  ftill  be  greater  than 
its  reEftance  in  quick  Elver.  To  illuftrate  this  farther,  the  fpe¬ 
cific  gravity  of  gold  being  to  that  of  quick  Elver  nearly  as  1 9  5 
to  140,  fuppofe  a  golden  ball  conEfting  of  195  folid  particles 
to  move  in  the  plenum  with  a  given  velocity,  and  to  deferibe 
a  very  fmall  fpace  ;  and  then  fuppofe  the  fame  ball  to  move 
in  quick  Elver  with  the  fame  velocity  over  the  fame  {pace  ; 
In  the  former  cafe,  the  folid  parts  of  the  ball  difplace  a  certain 
quantity  of  the  plenum,  fuppofe  a  quantity  equal  to  the  ball,  or 
195  parts  ;  in  the  latter  cafe,  they  difplace  an  equal  bulk  of 
the  quick  Elver,  that  is,  140  folid  particles.  But  becaufe  it  may 
be  faid  for  thofe  who  maintain  an  univerfal  plenitude,  that  the 
p-olden  ball  meets  with  a  reEftance  from  the  fubtile  fluid  that 

o 

replenifhes  fpace,  while  it  moves  in  the  quick  Elver,  as  well  as 
from  the  quick  Elver  itfelf  ;  let  this  likewife  be  allowed,  and 
let  us  even  fuppofe  it  to  meet  with  as  much  reEftance  from  the 
plenum ,  while  it  moves  in  the  quick  Elver,  as  when  it  moves 
in  a  fpace  tree  from  any  grofs  fluid  ;  yet  it  will  ftill  appear  that, 
the  reEftance  of  the  golden  ball  in  the  plenum  ought  to  bear  at 
leaf!  as  great  a  proportion  to  its  reEftance  in  quick  Elver,  as  the 
denEty  ol  gold  is  to  the  ftim  of  the  denEties  of  gold  and  quick 
Elver,  or  as  195  to  335,  and  confequently  ought  to  be  eight 

times 
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times  greater  than  its  refinance  in  water.  This  is  the  leafl 
refiftance  fuch  a  ball  could  meet  with  in  a  plenum ,  fhould  we 
allow  the  fuppofitions  that  are  moil  favourable  in  this  dodrine  ; 
and  this  refiftance  would  foon  put  an  end  to  the  motions  of 
bodies.  But  it  is  evident  that  we  allowed  too  much  in  favour 
of  their  dodrine,  when  we  fuppofed  the  ball  moving  in  the 
quick  ftlver  to  meet  with  a  refiftance  equal  to  the  fum  of  the 
reftftances  that  it  would  meet  with  from  the  plenum  and  quick 
ftlver  feparately.  For,  according  to  this  fuppofttion,  its  re¬ 
fiftance  in  quick  ftlver  would  be  to  its  refiftance  in  water,  as- 
the  fum  of  the  denftties  of  gold  and  quick  ftlver  to  the  fum  of 

the  denftties  of  gold  and  water,  that  is,  as  335  2°5i'  or  ^7 

to  41  ;  fo  that  the  refiftance  of  quick  ftlver  would  not  be 
double  of  that  of  water,  or  even  double  of  that  of  air  ;  than 
which  nothing  can  be  more  contradictory  to  experiment. 


It  is  of  no  importance  to  this  argument  how  rare  gold,, 
quick  ftlver,  or  the  heavieft  bodies,  be  fuppofed ,  ftnce  the 
refiftance  of  quick  ftlver  in  fad  is  known  to  be  very  great,, 
and  is  not  altered  by  fuch  fuppofitions  :  neither  is  the  pro¬ 
portion  of  the  denfity  of  gold  to  that  of  quick  ftlver  (upon 
which  proportion  the  argument  is  founded)  afteded  by  them. 
For  it  will  always  be  found  that  the  refiftance  of  a  golden  ball 
in  a  plenum  (how  freely  foever  it  pafs  through  the  pores  of  the 
ball,  and  how  large  or  numerous-  foever  thefe  pores  may  be) 
muft  correfpond  to  the  folid  matter  in  the  ball  }  which  is 
greater  than  the  folid  matter  in  any  equal  bulk  of  any  of  our 
fluids  ;  upon  which  their  refiftance  depends,  ft  he  fuppofing 
the  folid  matter  in  the  quick  ftlver  to  occupy  only  the  thou- 
fandth  or  millionth  part  of  its  bulk,  has  no  other  effed  but 
that  it  hippo fes  the  inertia  of  a  given  quantity  of  folid  matter 
to  be  increafed  in  the  fame  proportion  with  the  rarity  of  the 

quick  ftlver,  whole  inertia  is  in  fad  afcertaincd. 

1  The 
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The  refinance  which  arifes  from  the  tenacity  or  adhefion 
of  the  parts  of  fluids  may  be  diminifhed  ;  but  ftill  the  re- 
flftance  which  arifes  from  the  inertia  of  the  matter  remains : 
if  this  could  be  taken  away,  as  the  matter  would  have  no  re- 
fiftance,  fo  it  is  not  eafy  to  conceive  how  it  could  have  any 
adivity  or  mechanical  force  to  impell  bodies,  or  to  produce  any 
of  the  effects  which  are  attributed  to  the  fubtile  matter  of  the 
Cartefiajis.  For  adion  and  readion  are  always  equal,  and 
we  know  of  no  force  in  bodies  but  what  arifes  from  their  re- 
fiftance  to  change  their  ftate,  or  their  mertia .  Without  this 
there  could  be  no  centrifugal  force,  the  favourite  power  by 
which  thofe  philofophers  endeavour  to  explain  the  phenomena 
of  nature. 

They  fuppofe  the  particles  of  thofe  fubtile  fluids  to  move 
conftantly  and  equally  in  all  diredions ;  and,  by  the  favour  of 
this  hypothefls,  they  imagine  that  they  may  fuppofe  them  to 
ad  but  not  reflft.  But  they  have  neither  made  this  ftrange 
fuppofltion  probable,  nor  even  credible,  nor  can  they  fhew 
that  it  would  anfwer  their  purpofe.  A  motion  of  a  fluid 
favours  the  motion  of  a  body  in  it,  only  as  far  as  it  is  in  the 
fame  diredion  ;  and  an  inteftine  motion  of  the  parts  of  the 
fluid,  equal  in  all  diredions,  cannot  make  the  reflftance  lefs 
than  if  there  was  no  motion  of  the  parts.  It  is  fuppofed  by 
many  that  the  particles  of  common  fluids,  water  or  air  for 
example,  are  in  a  conftant  inteftine  motion  ;  but  this  does  not 
hinder  thofe  fluids  from  reflfting  in  proportion  to  their 
denflty. 

We  are  told  by  fome,  that  it  is  impoflible  to  conceive  a 
vacuum .  But  this  furely  muft  proceed  from  their  having  im¬ 
bibed  Des  Cartes  s  dodrine,  that  the  effence  of  body  is  con- 

flituted 
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ftituted  by  extenfion  ;  as  it  would  be  contradictory  tp  fuppofe 
Space  without  extenfion.  To  fuppofe  that  there  are  fluids 
penetrating  all  bodies  and  replenishing  Space,  which  neither 
refift  nor  act  upon  bodies,  merely  in  order  to  avoid  the  ad¬ 
mitting  a  vacuum ,  is  feigning  two  forts  of  matter,  without  any 
neceflity  or  foundation  ;  or  is  tacitly  giving  up  the  queftion. 
As  for  Mr.  Leibnitz  s  arguments  againft  a  vacuum ,  we  defer 
them  till  we  come  to  confider  the  emendations  that  have  been 
made  to  this  Syflem. 

The  fame  quantity  of  motion  is  not  always  preferved  in  the 
univerfe,  as  Des  Cartes  raShly  concluded  from  the  immuta¬ 
bility  of  the  Deity.  The  quantity  of  abfolute  motion  is  con¬ 
tinually  varying  ;  it  is  diminished  in  the  composition  of  mo¬ 
tion,  and,  in  many  cafes,  in  the  collisions  of  bodies  that  hate 
an  imperfect  elafticity  ;  and  it  •  is  increafed  in  the  refolution  of 
motion,  and,  in  fome  cafes,  in  the  collisions  of  elaftic  bodies. 
It  requires  an  acflive  principle  to  account  for  the  hardnefs  of 
bodies  ;  and  the  particles  being  at  reft  is  not  Sufficient  for  this 
purpofe  ;  for  this  would  not  hinder  them  to  be  feparated  from 
each  other  by  the  leaft  force.  There  is  hardly  one  article  in 
this  fcheme  but  what  is,  in  like  manner,  liable  to  infuperable 
difficulties. 

After  all,  Des  Cartes  faw  the  neceflity  of  having  recourfe 
to  obfervation,  tho’  unwillingly  ;  and  he  appears  to  be  at  a 
lofs  how  to  acknowledge  it,  after  having  boafted  fo  much  of 
his  principles.  He  tells  us  that  he  found  thefe  fo  exteniive  and 
fertile  *,  that  many  more  things  followed  from  them  than  we 

*  He  cites  the  effedts,  as  he  tells  us.  Non  quidem  ut  ipfis  tanquam  rationibus 
utamur  ad  aliquod  probandum  ;  cupimus  enim  rationes  effedtuum  a  caufis,  non 
autem  e  contrario  caufarum  ab  effe&ibus  deducere  *,  fed  tantum  ut  ex  innumeris 
effedtibus,  quos  ab  iildem  caufis  produci  pofle  judicamus,  ad  linos  potius  quam  alios 
eonfiderandos  mentem  noltram  determinemus. 

L  find 
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find  in  the  vifible  world.  Other  philofophers  have  complained 
that  they  were  able  to  account  for  too  little  of  nature  :  Des 
Cartes  finds  that  his  principles  were  more  than  fufficient  to  ac¬ 
count  for  all  her  phenomena,  and  feems  only  to  fear  left  hefhould 
account  for  too  much.  Therefore  he  has  recourfe  to  the  phe¬ 
nomena,  not  becaufe  he  would  prove  any  thing  from  them  ; 
for  he  takes  care  that  we  fhould  not  have  lb  mean  an  opinion 
of  his  philofophy,  as  to  imagine  he  would  eftabhfh  it  on  fads; 
but  that  he  might  be  able  to  determine  his  mind  to  confider 
fome  of  thofe  innumerable  effeds,  which  he  judged  might  pro¬ 
ceed  from  the  fame  caufes,  rather  than  others.  He  hkewife 
acknowledges  *,  that  the  fame  effect  might  be  deduced,  from 
Iris  principles,  many  different  ways ;  and  that  nothing  per¬ 
plexed  him  more  than  to  know  which  of  them  obtained  in 
nature.  In  thofe  paffages  he  magnifies  his  principles,  in  order 
to  conceal  the  weaknefs  of  his  fyftem,  with  an  affectation  that 
only  ferves  to  make  it  more  evident,  and  appears  unworthy  oi 

fo  great  a  man. 

^  , 

’3.  Des  Cartes,  by  placing  the  effence  of  matter  in  ex- 
teniion  alone,  gave  occafion  to  others  to  draw  confequences, 
from  this  doctrine,  of  a  dangerous  nature  ;  which  undoubtedly 
he  would  have  difowned,  tho’  ’tis  not  eafy  to  fee  how  he  could, 
have  got  rid  cf  them.  As  we  are  not  able  to  conceive  that 
lpace &can  be  annihilated,  or  that  there  ever  was  a  time  when 
Lee  or  expanfion  was  not ;  fo  if  we  allow  that  extenfion  alone 
conftitutes  the  effence  of  matter,  we  cannot  but  afcribe  in¬ 
finity,  eternity,  and  neceffary  exiftence  to  it.  In  this  manner 
Spinoza  reafons  from  the  Carteftan  principles,  affirming  that 


*  Sed  confiteri  me  etiam  oportet  potentiam  naturae  efie  adeo  amplam,  ut  nullum 
fere  amplius  particularem  eftedum  obfervem,  quern  ftatim  varus  modis  ex  ns  prm- 
cipiis  deduci  polTe  non  agnofeam ;  mhilque  ordinano  mihi  difficilius  videri,  quam 
invenire  quo  ex  his  modis  indedependet.  De  Methodo ,  §  6. 
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matter  is  not  only  infinite  and  necefiary,  but  alfo  that  it  is,  one 
and  indivifible  *.  u  This,  fays  he,  cannot  be  denied  by  thole 
“  who  rejecft  the  poffibility  of  a  vacuum  ;  for  if  matter  could 
“  be  fo  divided  that  its  parts  fhould  be  really  diftintft,  why 
“  might  not  one  part  be  annihilated,  the  reft  remaining  con- 
“  neded  with  each  other  as  before  ?  fince  of  things  which 
“  are  really  diftind  from  each  other,  the  one  can  exift  and  re~ 
“  main  in  its  ftate  without  the  other.”  In  another  place,  he 
tells  us,  that  if  any  one  part  of  matter  was  annihilated,  all  ex- 
tenflon  would  vanifh  with  it  f .  This  author  appears  to  have 
been  very  converfant  in  the  writings  of  Des  Cartes  J,  the  two 
firft  parts  of  whofe  principia  he  reduced  into  the  geometrical 
form.  Mr.  Leibnitz  himfelf  calls  fpinozifm  un  Cartejianifm'e 
outre  ;  and  it  is  apparent  that  his  method,  and  many  of  his 
dodrines,  were  derived  from  this  fource. 

*  Nam  fi  fubftantia  corporea  ita  poffet  dividi  ut  ejus  partes  realiter  diflin&ae  effent, 
cur  ergo  una  pars  non  poffet  annihilari  manentibus  reliquis,  ut  ante,  inter  ie  con 
nexis  ?  Et  cur  omnes  ita  aptari  debent  ne  detur  vacuum  ?  Sane,  rerum  quae 
realiter  ab  invicem  diftinttas  funt,  una  fine  alia  effe  et  in  fiio  ftatu  manere  poteft. 
Cum  igitur  vacuum  in  natura  non  detur,  fed  omnes  partes  ita  concurrere  debent  ut 
detur  vacuum,  fequitur  hinc  etiam  eafdem  non  poffe  realiter  diftingui  ;  hoc  eft, 
fubftantiam  corpoream,  quatenus  fubftantia  eft,  non  poffe  dividi.  Spinoz.  Ethic. 
part  1.  prop.  15.  fchoh 

-f  Si  una  pars  materias  annihilaretur,  fimul  etiam  tota  extenfio  evanefceren 
Epiji  4.  ad  Henr.  Oldenh. 

From  thefe  and  other  paffages  it  appears,  that  this  author  was  unhappily  milled  by 
the  doilrine  of  Dcs  Cartes ,  that  the  effence  of  matter  is  conftituted  by  extenfion. 
It  mull  be  owned,  however,  that  many  of  the  Cartefians  endeavoured  to  wrangle 
away  the  dreadful  conclufion  :  but  they  had  fhortned  their  work,  and  had  proceeded 
on  better  grounds,  if  they  had  rejected  the  principle.  Yet  Spinoza ,  in  his  feverity 
third  letter,  pretends  to  find  fault  with  Des  Cartes  for  defining  matter  by  extenfion, 
which,  according  to  him,  ought  to  have  be  n  explained  by  an  attribute  that  Ihouid 
exprefs  an  ejfential  and  infinite  effence. 

X  Quum  ille  fummo  fciendi  amore  arderet,  quid  in  his  ingenii  vires  valerent 
experiri  decrevit.  Ad  hoc  propofitum  urgendum  fcripta  philofophica  nobiliffimi  et 
fummi  philofophi  Renati  Des  Cartes  magno  ei  fuerunt  adjumento.  Spinoz.  .oper. 
pofth.  prasfat.  -  • 
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As  Des  Cartes  had  concluded,  from  the  idea  of  an  in¬ 
finitely  perfed:  neceffarily-exifting  Being,  that  fuch  a  Being 
mu  ft  exift  ;  fo  Spinoza ,  from  our  having  a  true  idea  (that  is 
a  clear  and  diftind  idea,  as  he  himfelf  explains  it)  of  a  fub- 
ftance,  infers  that  it  muft  neceflarily  exift  *  ;  or,  to  ufe  his 
own  words,  that  its  exiftence  as  well  as  its  eflence  muft  be  an 
eternal  truth.  As  Des  Cartes  pretended  to  deduce  ail  the  phe¬ 
nomena  of  nature  from  the  nature  and  properties  of  the  firft 
caufe  ;  fo  Spinoza  pretends,  that  all  our  knowledge  is  to  be 
derived  from  true  ideas  (as  he  always  calls  them)  and  that  thofe 
true  ideas  ought  to  be  produced  by  the  mind  f ,  from  that  idea 
which  reprefents  the  mcft  perfed  Being,  the  origin  and  foun¬ 
tain  of  nature.  Des  Cartes  rejeded  the  confederation  of  final 
caufes  from  philofophy  ;  and  Spinoza  tells  us  they  are  nothing 
but  human  fidion  £,  and  laughs  at  thofe  who  imagine  that 
the  eyes  were  defigned  for  feeing,  or  the  fun  for  giving  light. 
He  derives  our  notions  of  good  and  evil,  order  and  confufion, 
beauty  and  deformity,  from  the  fame  fource.  As  Des  Cartes 
reprefented  the  univerfe  as  a  machine  that  might  have  been  pro¬ 
duced  at  firft,  and  may  continue  to  exift  for  ever,  by  me¬ 
chanical  laws  only,  the  fame  quantity  of  motion  remaining  al- 

•*  Si  quis  dicerit  fe  claram  et  diftindtam,  hoc  eft  veram,  ideam  fubftantiae  habere, 
ct  nihilominus  dubitare  num  tilis  fubftantia  exiftat,  idem  hercle  effet  ac  fi  diceret  fe 
veram  habere  ideam,  et  nihilominus  dubitare  num  falfa  fit  (ut  fatis  attendenti  fit 
manifeftum  :)  vel  fi  quis  ftatuat  fubftantiam  creari,  fimul  ftatuit  ideam  falfarn  fadtam 
effe  veram ;  quo  fane  nihil  abfurdius  concipi  poteft  :  adeoque  fatendum  necefiario  eft, 
fubftantiae  exiftentiam  ficut  ejus  elfentiam  seternam  efie  veritatem.  Ethic,  part  i. 
prop.  8.  fchol.  2. 

■f  Lt  mens  noftra  omnino  referat  naturae  exemplar,  debet  omnes  fuas  ideas  pro¬ 
ducer  ab  ea  quae  refert  originem  et  fontem  totius  naturae,  ut  ipfa  etiam  fit  fons 
ceterarum  idearum.  Spinoz ,  de  emendatione  intelledt. 

+  Ut  jam  oftendam  naturam  nullum  fibi  finem  praefixum  habere,  et  omnes  caufas 
finales  nihil  nifi  humana  elfe  figmenta,  non  opus  eft  multis,  &c.  Hoc  adhuc 
addam,  nempe  hanc  de  fine  doctrinam  naturam  omnino  evertere.  Append,  prop.  36. 
part  1.  Ethic. 
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ways  in  it  unalterable  ;  fo  Spinoza  reprefented  it  as  infinite  and 
neceffary,  endowed  always  with  the  fame  quantity  of  motion, 
or  (to  ufe  his  inaccurate  expreflion  *)  having  always  the  fame 
proportion  of  motion  to  reft  in  it,  and  proceeding  by  an  ab¬ 
solute  natural  neceffity  ;  without  any  felf-mover  or  principle  of 
liberty. 

In  all  thefe,  Spinoza  has  added  largely,  from  his  own  imagi¬ 
nation,  to  what  he  had  learned  from  Des  Cartes.  But  from  a 
companion  of  their  method  and  principles,  we  may  beware  of 
the  danger  of  fetting  out  in  philofophy  in  fo  high  and  pre- 
fumptuous  a  manner  ;  while  both  pretend  to  deduce  compleat 
lyftems  from  the  clear  or  true  ideas,  which  they  imagined  they 
had,  of  eternal  offences  and  neceffary  caufes.  If  we  attend  to 
the  confequences  of  fuch  principles,  we  Shall  the  more  willingly 
Submit  to  experimental  philofophy,  as  the  only  fort  that  is 
Suited  to  our  faculties.  It  were  unreafonable  to  charge  upon 
Des  Cartes  the  impious  confequences  which  Spinoza  may  have 
been  led  into  from  his  principles :  but  we  cannot  but  obferve, 
to  the  honour  of  Sir  Ifaac  Newto?is  philofophy,  that  it  alto¬ 
gether  overthrows  the  foundation  of  Spinoza's  dodrine,  by 
(hewing  that  not  only  there  may  be,  but  that  there  ad u ally  is  a 
vacuum  ;  and  that,  inftead  of  an  infinite,  neceffary,  and  in- 
divifible,  plenitude,  matter  appears  to  occupy  but  a  very  Small 
portion  of  fpace,  and  to  have  its  parts  adually  divided  and  Se¬ 
parated  from  each  other. 

*  Omnia  corpora  ab  aliis  circumcinguntur,  et  ab  invicem  determinantur  ad 
exiftendum  et  operandum,  certa  ac  determinate  ratione,  fervata  Temper  in  omnibus 

fimul,  hoc  eft  in  toto  univerfo,  eadem  ratione  morus  ad  quietem,  Epift .  15 - 

Corpus  motum  vel  quiefcens  ad  motum  vel  quietem  determinari  debuit  ab  alio 
corpore,  quod  etiam  ad  motum  vel  quietem  determinatum  fuit  ab  alio,  et  illud 
ittrum  ab  alio,  et  Tic  in  infinitum.  Ethic,  part  2.  prop.  13.  lem.  3, 
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It  would  be  of  no  ufe  to  give  a  more  particular  account  of 
the  fvfiem  of  Spinoza  ;  nor  is  it  poffible  to  defcribe  fully,  in 
an  intelligible  manner,  fo  abfurd  adodtrine.  It  is  allowed  even 
by  thoie  who,  on  other  occafions,  have  fhewn  a  diipofition  to¬ 
wards  icepticifm,  in  relation  to  the  foundations  of  natural  re¬ 
ligion,  to  be  the  moil  monffrous  that  can  be  imagined  ;  and 
to  be  fo  oppofite  to  the  moft  evident  notions  we  are  able  to 
form  *,  that  no  perfon  of  a  right  mind  can  be  in  hazard  of 
giving  into  it.  He  pretends,  indeed,  to  proceed  in  the  geo¬ 
metrical  method  and  ftyle  ;  but  while  he  afiumes  a  definition 
of  fubftance  and  of  its  attributes  at  his  pleafure,  and  paffes  from 
his  definitions  as  true  ideas  (as  he  calls  them)  to  the  neceffary 
exiftence  of  the  thing  defined,  by  a  pretended  immediate  con- 
fequence,  which  he  will  not  allow  to  be  dilputed,  his  whole 
fuperftru&ure  appears  a  mere  petitio  principii  or  fi&ion.  By 
his  way  of  proceeding,  any  fyflem  whatfoever  might  be  efta- 
blifhed.  But  it  does  not  appear  poffible  to  invent  another  fo 
abfurd,  while  he  maintains  that  there  is  but  one  iubftance  in 
the  univerfe,  endowed  with  infinite  attributes,  (particularly, 
infinite  extenfion  and  cogitation)  that  produces  all  other  things, 
in  itfelf,  neceffarily,  as  its  own  modifications  ;  which  alone  is, 
in  all  things,  caufe  and  effedl,  agent  and  patient,  in  all  refpedls 
phyfical  and  moral. 

*  Thefe  are  the  words  of  Mr.  Bayle  in  the  article  of  Spinoza ;  where  he  expofes 
the  abfurdities  of  this  fyffem  very  clearly,  and  affirms  that  the  weakeft  of  its  ad- 
verlaries  was  able  to  have  overturned  it.  Our  view  in  giving  fome  account  ot  it, 
was  not  only  to  fhew  the  abfurd  confecjuences  to  which  Dos  Cartes  s  fyftem  leads, 
hut  likewife  to  trace  Spinoza’s  doftrine  to  its  fource  (for  the  fake  ol  fome  who  may 
have  been  miffed  into  a  favourable  opinion  of  it),  which  is  no  other  than  theC<??- 
tefian  fable  •,  cf  which  almofl:  every  article  has  been  difproved  by  Sir  Ifaac  Newton 
or  others. 

The 


Chap.  4.  PHILOSOPHICAL  DISCOVERIES. 


79 


The  Gartefian  dodtrine  has  been  often  altered,  and  varioufly 
mended,  fince  it  was  firft  propofed  by  its  author ;  and,  for 
a  hundred  years  together,  many  ingenious  men  have  been 
making  their  utmoft  efforts  to  patch  it  up,  and  fupport  its 
credit,  by  reforming  firft  one  part,  and  then  new-modeling 
another  part  of  this  extenfive  fyftem.  But  the  foundation  is  fo 
faulty,  and  the  whole  fuperftru&ure  fo  erroneous,  that  it 
were  much  better  to  abandon  the  fabrick,  and  fuffer  the  ruins 
to  remain  a  memorial,  in  all  time  to  come,  of  the  folly  of 
philofophical  prefumption  and  pride. 

Mr.  Leibnitz  retained  the  Cartejian  fubtile  matter,  with  the 
univerfal  plenitude  and  vortices  ;  and  reprefented  the  univerfe 
as  a  machine  that  fhould  proceed  for  ever,  by  the  laws  of  me- 
chanifm,  in  the  moft  perfect  ftate,  by  an  abfolute  inviolable  ne- 
ceffity  ;  tho’  in  fome  things  he  differs  from  Des  Cartes .  ^fter 
Sir  Ifaac  Newtons  philofophy  was  publifhed  (in  1687),  he 
printed  an  effay  on  the  celeftial  motions  [Aft.  Erudit.  1689) 
where  he  admits  of  the  circulation  of  the  ether  with  Des 
Cartes ,  and  of  gravity  with  Sir  Ifaac  Newton  ;  but  he  never 
explained  how  thefe  could  be  reconciled,  and  adjufted  together, 
fo  as  to  account  for  the  planetary  revolutions  ;  or  how  gravity 
arofe  from  the  impulfe  of  this  ether.  Nor  did  he  fhew  how 
his  harmonical  circulation  of  the  ether  could  be  reconciled 
with  the  law  of  the  motions  of  the  feveral  planets,  in  their  re- 
fpe&ive  orbits  ;  which  is  very  different  from  the  law  of  the 
motions  of  the  fame  planet,  at  its  various  diftances  from  the 
fun.  The  angular  velocity  of  any  one  planet,  decreafes  from 
the  perihelium  to  the  aphelium ,  in  the  fame  proportion  as  its 
diftance  from  the  fun  increafes,  and  this  is  what  he  calls  the 
harmonical  circulation.  If  this  law  took  place  likewife  in  the 
motions  of  the  different  planets  compared  together,  through¬ 
out 
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out  the  fyftem,  this  hypothecs,  of  their  being  carried  along 
with  a  circulating  ether,  might  appear  more  tolerable  :  but  the 
velocities  of  the  planets,  at  their  mean  diftances,  decreafe  in 
the  fame  proportion  as  the  fquare-roots  of  the  numbers  which 
exprefs  thofe  diftances  from  the  fun.  Neither  did  he  fhew 
how  to  reconcile  this  circulating  motion  of  the  ether  with  the 
tree  motions  of  the  comets  in  all  directions,  or  with  the  obli¬ 
quity  of  the  planes  in  which  the  planets  revolve  to  the  equator 
of  the  fun  and  to  one  another  ;  or  refolve  the  other  objections 
to  which  this  hypothefis  of  a  plenum  and  vortices  is  liable. 

Afterwards  however,  on  occafion  of  fome  difputes  that  had 
arifen  concerning  his  title  to  the  invention  of  the  calculus  of 
infinitefimals,  or  method  of  fluxions,  he  appeared  with  great 
warmth  againft  Sir  Ifaac  JVewtoris  philofophy,  and  placed  him- 
felf  at  the  head  of  its  oppofers.  It  is  needlefs  to  inflft  here 
on  the  paftion  and  prejudices  that  his  followers  have  exprefled 
againft  it,  and  againft  thofe  that  have  appeared  in  its  defence. 
It  is  better  to  forget  thefe,  and  to  confine  a  philofophical  dis¬ 
pute  to  philofophical  matters. 

Mr.  Leibnitz  s  fyftem  has  been  the  more  acceptable  to  many, 
becaufe,  from  the  wifdom  and  goodnefs  of  the  Deity,  he  con¬ 
cluded  the  univerfe,  upon  the  whole,  to  be  a  perfeCt  work,  or 
the  beft  that  could  poflibly  have  been  made.  This  doCtrine 
was  very  agreeable  in  all  times  to  the  philofophers  who  ac¬ 
knowledged  a  fupreme  beneficent  governor  ;  but  the  origin  of 
evil  perplexed  them.  The  folution  of  this  was  what  Socrates 
expeded  from  the  writings  of  Anaxagoras ,  but  was  disap¬ 
pointed.  The  fupreme  Being,  according  to  Limceus  Locrus ,  was 
ioupvgyos  rw  Qsrfiov©*.  Plato  taught  that  the  fupreme  governor 
has  difpofed  and  complicated  all  things  for  the  happinefs  and 
virtue  of  the  whole,  and  that  our  complaints  are  groundlefs, 

arilmg 
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arifing  from  our  narrow  views  of  things.  Chryjtppus  was  of 
opinion  *  that  it  could  never  have  been  the  aim  or  fir  ft  int  en¬ 
tion  of  the  Author  of  nature,  and  parent  of  all  good,  to  make 
men  obnoxious  to  difeafes ;  but  that  while  he  was  producing 
many  excellent  things,  and  forming  his  work  in  the  beft  man  ¬ 
ner,  other  things  alfo  arofe,  connected  with  them,  that  were  in¬ 
commodious  ;  which  were  not  made  for  their  own  fakes,  but 
permitted  as  neceflary  confequences  of  what  was  beft.  Mr. 
Leibnitz  has  wrote  at  great  length  in  defence  of  this  doCtrine, 
and  has  endeavoured  to  anfwer  the  objections  that  have  been 
made  againft  the  perfection  of  the  univerfe. 

But  this  learned  author’s  Ipeculations,  tho’  they  may  per¬ 
plex  a  cautious  reader,  cannot  fatisfy  him.  He  propoles  two 
principles  as  the  foundation  of  all  our  knowledge  ;  the  firft, 
that  it  is  impoflible  for  a  thing  to  be,  and  not  to  be  at  the  fame 
time,  which,  he  fays,  is  the  foundation  of  Ipeculative  truth. 
The  other  is,  that  nothing  is  without  a  fufficient  reafon  why  it 
fhould  be  fo  rather  than  otherwife  ;  and  by  this  principle,  ac¬ 
cording  to  him,  we  make  a  tranfition  from  abftraCted  truths  to 
natural  philofophy.  From  this  principle  he  concludes,  that  the 
mind  is  naturally  determined,  in  its  volitions  or  elections,  by 
the  greateft  apparent  good  ;  and  that  it  is  impoflible  to  make  a 
choice  between  things  perfectly  like,  which  he  calls  indifcer- 
nibies  ;  from  whence  he  infers,  that  two  things  perfectly  like 
could  not  have  been  produced  even  by  the  Deity.  For  this 
reafon,  and  other  metaphyfical  conftderations,  he  rejeCts  a 
vacuum ,  the  parts  of  which  muft  be  fuppofed  perfectly  like  to 

*  Exiftimat  Chryjtppus  non  hoc  fuifie  naturae  principale  confilium  ut  faceret 
homines  morbis  obnoxio?,  nunquam  enim  hoc  conveniffe  naturae  auctori,  parentique 
rerum  omnium  bonarum ;  fed  quum  multa  aique  magna  gigneret,  pareretqueaptiflima 
et  utililfima,  alia  quoque  fimul  agnata  funt  incommoda  iis  ipfis  quae  faciebat  co- 
haerentia  ;  eaque  non  per  naturam,  fed  per  lequelas  quafdam  neceffarias3  fadta  dicit, 
quod  ipfe  appellat  yo-tu.  irecpentohzfyTtv.  Aul.  Cell.  lib.  6.  cap.  i. 
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other  For  the  fame  reafon  he  alfo  rejects  atoms,  and  all 
fimilar  particles  of  matter  ;  to  each  of  which,  the’  divifible  i* 
infinitum ,  he  aferibes  *  a  monad, ,  or  adive  kind  of  principle, 
in  which,  fays  he,  are  as  it  were  perception  and  appetites. 
The  effence  of  fubftance  he  places  in  adion  or  adivity,  or 
rather  fas  he  exprefi'es  it)  in  fomething  that  is  between  acting 
and  the  faculty  of  aiding.  He  affirms  abfolute  red  to  be  im- 
poffible,  and  holds  motion,  or  a  fort'  of  nifus,  to  be  eiiential 
to  aU  material  fubftances.  Each  monad  he  deferibes  as  repre- 
fentative  of  the  whole  univerfe  from  its  point  of  light  ;  and, 
after  all,  in  one  of  his  letters  tells  us,  that  matter  is  not  a 
fubftance,  but  a  fubjlantiatum ,  or  phemmene  bkn  fonde. 

Such  are  the  dodrines  and  expreffions  of  a  philofopher  who 
valued  himfelf  upon  his  clear  and  adequate  ideas,  and  ridiculed 
the  metaphyfi.es  of  the  English,  as  narrow,  and  founded  on  in¬ 
adequate  notions.  The  criterion  of  truth  is  ufually  placed  m 
clear  and  evident  perception  ;  but  fome  philofophers  feem  to 
value  dodrines  in  proportion  as  they  are  obfeure.  Who  would 
imagine  that,  in  natural  philofophy,  fuch  arguments  fltoul 
be  preferred  to  the  plaineft  fads  and  experiments  for  aetermin- 
ino-  the  queftion  concerning  a  vacuum  ?  Let  any  man  relied 
orT  his  own  thoughts,  from  which  only  any  notions  we  have  ot 
liberty  (and  confequently  of  the  divine  liberty)  can  be  derived  5 
and  if  he  is  fitisfied  that  he  could  chufe  between  two  delirable 
things  that  appear  equally  good,  rather  than  want  both,  Inch 
Laments  can  have  no  force  upon  him.  His  difficulty  feems 
ftitl  to  remain  againft:  the  particles  of  matter,  after  all  the  pains 
he  had  taken  to  diftinguifh  them  by  his  monads  ;  for  how  ihall 
we  diftinguifh  the  monads  themfelves  ?  cr  it  that  may  be  prac¬ 
ticable,  how  ihall  we  diftinguifh  the  iiime  monad  from  itfeli,  m 

*  A&a  Lipfia?>  1698,.  p.  435- 
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all  the  moments  of  its  exiftence  ?  If  two  things  perfedly  like 
to  each  other  can  exifl  in  different  times,  furely  they  may  exm 
in  different  places  at  the  fame  time.  This  learned  author  ap¬ 
peared  Very  averfe  to  thofe  doctrines  which  he  imagined  had  a 
tendency  to  reflore  the  exploded  tenets  of  the  fcholaflic  philo- 
fophy  ;  yet  thefe  monads,  as  far  as  he  has  condefcended  to  de- 
fcribe  them,  appear  to  be  as  incomprehenfible  as  their  fubftan- 
tial  forms,  entelecheiu,  or  molt  occult  qualities. 

He  makes  great  ufe  of  a  comparifon  between  the  effeds  of 
oppofite  motives  on  the  mind,  and  of  weights  placed  in  the 
feales  of  a  ballance,  or  of  powers  ading  upon  the  fame  body 
with  contrary  diredions.  His  learned  antagonift  denies  that 
rb^re  is  a  fimihtude  between  a  ballance  moved  by  eights, 
and  a  mind  ading  upon  the  view  of  certain  motives  ;  .  becaufe 
the  one  is  entirely  paffive,  and  the  other  not  only  is  aded 
upon,  but  ads  alfo.  The  mind,  he  owns,  is  purely  paffive  in 
receiving  the  impreffion  of  the  motive,  which  is  only  a  per¬ 
ception,  and  is  not  to  be  confounded  with  the  power  of  ading 
after,  or  in  confequence  of,  that  perception.  The  difference 
between  a  man  and  a  machine  does  not  confift  only  in  fen- 
fation,  and  intelligence  ;  but  in  this  power  of  ading  alfo.  The 
ballance  for  want  of  this  power  cannot  move  at  all,  when  the 
weights  are  equal  :  but  a  free  agent,  fays  he,  when  theie  ap¬ 
pear  two  perfedly  alike  reafonable  ways  oi  acting,  has  Hill 
within  itfelf  a  power  of  chufing  ;  and  it  may  have  ftrong  and 
very  good  reafons  not  to  forbear.  It  is  evident  that  as  it  is 
from  internal  confcioufnefs  I  know  any  thing  of  hoeity,  fo  110 
■affertion  contrary  to  what  I  am  confcious  of  concerning  it  can 
be  admitted  *  and  it  were  better  perhaps  to  tieat  01  this  au- 
ffrufe  fubjed  after  the  manner  of  experimental  philoiophy,  tnan 
to  fill  a  thoufand  pages  with  metaphyfical  difcuffions  concern- 
inCT  it.  But  to  leave  this  fubjed,  the  dodrine  of  liberty  is  fo 
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foreign  to  the  qucftions  concerning  3.  1 o&cuum  and  atoms,  that 
it  mn ft  appear  a  far-fetched  uncommon  ftretch  of  metaphyfics 
to  pretend  to  determine  them  by  it ;  and  very  unaccountable  to 
refufe  the  Deity  the  power  ol  producing,  by  one  aCt  of  his  will, 
all  the  matter  in  the  univerfe  at  once,  tho’  it  fhould  be  fuppofed 
perfectly  fimilar  and  uniform. 

5.  From  the  lame  principle,  Mr.  Leibnitz  concluded,  that 
the  material  fyftem  is  a  machine  abfolutely  perfeCt,  that  can 
never  fall  into  diforder,  or  require  to  be  let  right  j  and  that  to 
imagine  that  God  interpoles  in  it,  is  to  leften  the  fkill  of  the 
Author,  and  the  perfection  of  his  work. 

«*•/*«!  '  i,  '  T.  '"■J'  ■  '  .'•'•if  -  *  •  -»  1  •  ’  -  i 

But  this  is  more  than  his  own  principles  require.  For  tho? 
it  fhould  be  allowed  that  nothing  is  limited  without  a  fufficient 
reafon  5  yet,  upon  the  whole,  it  may  be  better  that  the  Author 
bf  the  world  fhould  aCt  immediately  in  it,  cherifhing  and  go¬ 
verning  his  work,  and  fometimes  changing  or  renewing  it. 
Can  the  beauty  and  perfection  of  the  univerfe  be  the  worfe  for 
His  aCting  in  it,  who  muft  be  fuppofed  to  aCt  always  with  per¬ 
fect  wifdom  ?  It  was  fit  that  there  fhould  be,  in  general, 
a  regularity  and  conftancy  in  the  courfe  of  nature  ;  not  only 
for  the  fake  of  its  greater  beauty,  but  alfo.  for  the  fake  of  in¬ 
telligent  agents,  who  without  this  could  have  had  no  fore¬ 
fight,  or  occafion  for  choice  and  wifdom  in  judging  of  things 
by  their  confluences,  and  no  proper  exercife  for  their  other 
faculties;  But  tho’  the  courfe  of  nature  was  to  be  regular,  it 
was  not  neceffary  that  it  fhould  be  governed  by  thofe  principles 
only  which  arife  from  the  various  motions  and  modifications  of 
unaChve  matter,  by  mechanical  laws  j  and  it  had  been  m 
compatibly  inferior  to  what  it  is,  in  beauty  and  perfection,  if 
it  had  been  left  to  them  only. 
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Sir  Ifaac  Newton  was  of  opinion  that  the  fabrick  of  the  uni¬ 
verfe,  and  courfe  of  nature,  could  not  continue  for  ever  in  its 
prefent  ftate,  but  would  require,  in  procefs  of  time,  to  be  re- 
eftablifhed  or  renewed  by  the  fame  hand  that  formed  it.  Yet 
this  philofophy  was  condemned  by  Mr.  Leibnitz  as  leading  to 
impiety  ;  and,  which  is  very  furprizing,  this  particular  doctrine 
was  excepted  againft  as  having  fuch  a  tendency.  He  objeded, 
that  as  a  good  artift  made  his  workmanfhip  as  perfect  as  poffible, 
fo  it  argued  a  want  of  power  or  fkill  in  the  Author  of  the 
world,  if  it  fhould  ever  require  to  be  reformed  or  wound  up 
again.  But  Sir  Ifaac  Newton  thought  it  altogether  confiftent 
with  the  notion  of  a  moft  perfect  Being,  and  even  more  agree¬ 
able  to  it,  to  fuppofe  that  he  fhould  form  his  work  dependent 
upon  himfelf,  fo  as  after  proper  periods  to  model  it  anew,  ac¬ 
cording  to  his  infinite  wifdorn.  To  exclude  the  Deity  from 
acting  in  the  univerfe,  and  governing  it,  is  to  exclude  from  it 
what  is  moft  perfect  and  beft,  the  abfence  of  which  no  me- 
chaniftn  can  fupply.-  Such  a  dodrine  could  not  have  been  pro- 
pofed  by  one  of  Mr.  Leibnitz  s  fentiments  concerning  the  per¬ 
fection  of  the  univerfe,  if  he  had  not  been  milled  by  an  ex- 
ceffive  fondnefs  for  necefiity  and  mechanifm. 

The  capital  doctrine  of  this  philofophy  that  reprefents  the 
univerfe  as  a^  perfect  machine,  fuch  as  may  continue  for  ever 
by  mechanical  laws  in  its  prefent  ftate,  is,  that  the  fame  quan¬ 
tity  of  force  and  vigour  remains  always  in  it,  and  pafies  from 
one  portion  of  matter  to  another,  without  undergoing  any 
change  in  the  whole.  Des  Cartes  maintained  that  the  fame 
quantity  of  motion  is  always  preferved  in  the  univerfe.  Spinoza 
called  it  the  fame  proportion  of  motion  to  reft.  Mr.  Leib?iitz 
diftinguiftied  between  the  quantity  of  motion,  and  the  force  of 
bodies  •  he  owns  that  the  former  varies,.  but  maintains  that  the 
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quantity  of  force  is  for  ever  the  fame  in  the  univerfe  :  and  yet 
there  is  no  dodrine  more  repugnant  to  perpetual  experience  and 
common  obfervation  than  this  is,  even  tho’  we  fhould  meafure 
the  forces  of  bodies  by  the  fquares  of  the  velocities,  according 
to  his  dodrine.  If  all  bodies  in  the  world  had  a  perfed  elafti- 
city,  there  might  be  fome  pretence  for  maintaining  this  prin¬ 
ciple.  But  there  never  has  been  difcovered  as  yet  any  one  body, 
whofe  elafticity  is  perfed  ;  and  when  any  two  bodies  meet 
with  equal  motions,  they  rebound  with  lefs  motions,  and  there 
is  always  force  loft  by  their  colhfton  ;  and  if  the  bodies  are 
foft,  they  both  flop,  becaufe  of  the  impenetrability  of  their 
parts  ;  or,  to  fpeak  in  this  author’s  favourite  ftyle,  becaufe  there 
can  be  no  fufficient  reafon  why  one  of  them  fhould  prevail, 
rather  than  the  other.  In  this  cafe,  their  whole  motion  is  loft ; 
and  the  motion  of  the  one  being  deftroyed  by  the  oppofite 
motion  of  the  other,  it  is  without  ground,  and  merely  to  fave 
an  hypothefis,  that  a  fluid  is  imagined,  which  they  feign  to  re¬ 
ceive  and  retain  the  forces  of  thofe  bodies.  When  liberty  is 
taken  to  fupport  one  fidion  by  another,  this  by  a  third,  and 
fo  on,  any  fyftem  may  be  maintained.  According  to  our  firft 
views  of  matter  and  motion,  from  the  plained  experiments, 
matter  appears  to  be  an  unadive  fubftance  of  no  elafticity 
yet  they  afcribe  a  perfed  elafticity  to  all  their  fubtile  matter  ; 
and  laws  of  motion  are  propofed  by  them  as  general,  which 
can  hold  of  perfedly  elaftic  bodies  only,  that  is,  of  bodies  not 
one  of  which  has  hitherto  been  found  in  nature.  They  have 
never  been  able  to  explain  how  this  peried  elafticity  arifes  from 
the  laws  of  mechanifm  ;  yet,  according  to  them,  the  world  is 
a  mechanical  perpetual  movement. 


The  genius  of  this  kind  of  philofophy  appears  on  no  occa- 
flon  lo  evidently,  as  from  the  arts  which  have  been  ufcd  to  get 
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rid  of  the  infuperable  objections  againft  the  vortices.  To  re¬ 
move  the  difficulty  a  ftep  farther,  or  to  involve  the  queftion  in 
obfcurity,  new  vortices  are  introduced  in  every  infinitely  fmall 
particle*  of  matter.  From  thefe,  if  there  be  occafion,  they  will 
defcend  into  another  order  infinitely  lefs  ;  and  fo  on  ;  for  they 
expreily  pretend  to  take  the  fame  benefit  from  the  infinite  or¬ 
ders  of  infinitefimals,  in  philofophy  *,  that  is  claimed  by  fome 
late  geometricians  in  the  refolution  of  their  problems.  Thus 
fas  we  obferved  elfewhere  +)  an  abfurd  philofophy  is  the  natu¬ 
ral  product  of  a  vitiated  geometry.  For  tho’  it  follows  from 
our  notion  of  magnitude,  that  it  always  conftfts  ol  parts,  and 
is  divifible  without  end  ;  yet  an  aCtual  divifion  in  infinitum  is 
abfurd,  and  an  infinitely  little  quantity  (even  in  Mr.  Leibnitz  s 
judgment  J)  is  a  mere  fiction.  Philosophers  may  allow  them- 
felves  to  imagine  likewife  infinite  orders  of  infinitely  fmall  par¬ 
ticles  of  matter,  and  fuller  themfelves  to  be  tranlported  with 
the  idea  ;  but  thefe  illufions  are  not  fupported  by  found  geo¬ 
metry,  nqr  agreeable  to  common  fenfe.  After  all  that  has  been 
faid  for  the  vortices ,  there  is  not  one  experiment  to  favour 
them  ;  and  fome  of  the  molt  common  and  fimple  are  againft 
admitting  fuch  fluids  and  their  motions. 

We  have  another  inftance  of  the  art  by  which  they  fupport 
their  fchemes,  in  the  pretended  demonftratiom  they  give  againft 
the  poflibility  of  atoms,  or  of  any  perfectly  hard  and  inflexible 
bodies.  According  to  what  they  call  the  law  of  continuity ,  all 
changes  in  nature  are  produced  by  infenfible  and  infinitely  fmall 
degrees  j  fo  that  no  body  can,  m  any  cafe-,  pafs  from  motion  to 
reft,  or  from  reft  to  motion,  without  paffing  through  all  poft 
Able  intermediate  degrees  of  motion  ;  from  which  they  con- 

*  Mem.  de  P  Academie  Royale  des  Sciences,  172.9.. 

4  Treatife  of  Fluxions  Introd.  p.  47. 

I  Effay  de  Fheodicee%  §  70. 
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elude  that  atoms,  or  any  perfe&ly  hard  bodies,  are  impoffible ; 
becaufe  if  two  of  them  fhould  meet  with  equal  motions,  in 
contrary  directions,  they  would  neceffarily  flop  at  once,  in  vio¬ 
lation  of  the  law  of  contmuity  *.  But  upon  what  grounds  have 
they  made  this  an  univerfal  law  of  nature  ?  Tho  in  common 
bodies  (which  are  loofely  compounded  of  particles  that  are 
themfelves  compounded  of  others  of  a  lower  order,  and  fo 
on  ;  fo  that  we  cannot  arrive  at  the  elements,  or  atoms,  till 
after  we  know  not  how  many  refolutions)  the  parts  yield  in 
their  collifions,  we  cannot  affirm  this  of  the  atoms  or  ultimate 
elements  themfelves.  This  yielding  is  a  confequence  of  the 
contexture  of  bodies,  which  have  always  much  more  of  void 
interffices  than  of  folid  matter,  and  conffil  of  particles  that 
-muft  be  fuppofed  to  adhere  to  one  another  with  a  force  incom¬ 
parably  lefs  than  that  by  which  the  matter  of  the  elementary 
particles  themfelves  holds  together  f.  The  truth  is,  they  found 
it  neceffiiry  to  rejeCt  bodies  of  a  perfect  hardnefs  ;  becaule  it 
was  impoffible  to  explain  the  effe&s  ol  their  colli^ons,  in  a^ 
manner  confiftent  with  the  prefervation  of  the  fame  quantity  ol 
force  in  the  univerfe,  or  with  their  new  doClrine,  'That  the 
forces  of  bodies  are  as  the  fquares  of  the  velocities  ;  and  there¬ 
fore  they  had  recourfe  to  this  new  law  of  continuity  to  proferibe 
them.  If  fuch  a  body  fhould  flrike  another  equal  quiefeent 
body,  of  the  fame  kind,  the  velocity  of  the  fil'd  would  be 
equally  divided  by  the  Ifrokc  between  them  j  but  if  we  mea- 

*  Difcours  far  le  Movement,  Paris  1726. 

f  The  author  of  the  above  cited  difeourfe  on  motion,  tells  us,  that  if  nature  could 
pals  from  a  flute  of  motion  to  a  ftate  oi  reft  at  once,  without  palling  through  the 
intermediate  degrees  of  motion,  then  one  ftate  would  be  deftroyed  before  nature  could 
know  what  new  ftate  fire  ought  to  determine  her! ell  to  \  and  afks  how  fhe  could  then 
determine  lie  r  I  ell  to  any  one  date  rather  than  another  ?  In  anfwer,  we  need  only 
pbferve,  that  to  ceale  to  move  is  the  lame  as  to  be  at  reft,  and  that  when  the  equal 
proms  llcp  each  other  at  once,  there  is  no  interval  between  tne  ftate  ol  motion  and 
ihat  of  reft  >  and  that  when  motion  is  deftroyed,  reft  neceffarily  enfues. 
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fure  the  force  by  the  fquare  of  the  velocity,  each  of  them  would 
have  but  one  fourth  part  of  the  force  of  the  hrft  body  ^ 
both  together  would  have  but  one  half  of  its  force  ;  fo  that  t 
other  &iS  would  be  neceffarily  without  product,, E ; 
fort  of  effect.  In  order  to  get  rid  of  objedions  of  this  kind, 
fome  of  the  favourers  of  the  new  doctrine,  concerning  tic 
menfuration  of  the  force  of  bodies  content  themfelves  with 
obferving,  that  no  bodies  of  a  perfed  hardnefs  have  been  found 
in  nature  •  tho’  there  is  the  fame  objection  againft  admitting 
Seating  of  bodies  of  a  perfed  elafticity.  But  others 
boldly  rejed  fuch  hard  bodies  as  impoflible  from  thofe  fan- 
fetched  metaphyfical  confiderations  we  have  defcnbed.  How 
much  they  have  endeavoured  to  perplex  the  theory  of  motion, 
in  its  plaineft  parts,  from  a  zeal  for  tne  fame  dodrme,  wi 
appear  afterwards. 

The  power  of  mechanifm  was  never  more  magnified  than 
bv  Mr  Leibnitz  %  famous  dodrine  of  a  pre-ejlablijhed  harmony, 
as  he  calls  it.  According  to  Des  Cartes;  the  brutes  were  mere 
machines  ;  and  this  dodrine,  to  many,  appeared  mere  1  e 
But  this  is  nothing  in  companfon  to  what  Mr.  Letbmtz  wo 
have  us  believe,  when  he  tells  us  that  the  foul  does  not  ad 
on  the  body,  nor  the  body  on  the  foul  ;  that  both  proceed 
by  neceffary  laws,  the  foul  in  its  perceptions  and  volitions  and 
the  body  in  its  motions,  without  affeding  each  other  ;  but  that 
each  is  to  be  confidered  as  a  feparate  independent  machine 
The  volitions  of  the  mind  are  followed  inftantly  by  the  defined 
motions  of  the  body,  not  in  confluence  of  thofe  volitions  in 
the  leaft,  but  of  the  nice  and  well  adjufted  machinery 
body.  The  impreffions  produced  in  the  fenfory  have  no  effed 
on  the  mind,  but  the  correfponding  idea  anfes,  at  that  precife 
time,  in  confluence  of  a  cham  of  caufes  of  a  different  kind. 
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Thus  all  that  men  do  or  fay,  is  no  more  than  the  effedt  of  ex- 
quifite  machinery,  according  to  him.  But  it  is  time  for  us  to 
leave  thofe  fidtions,  left  the  reader  fhould  be  tempted  to  think 
that  all  philofophy  is  illufton. 

CHAP.  V. 


i. 


r 


H  E  fum  of  what  we  have  obferved  is,  that  tho’  thefe 

_  learned  men  may  have  fhewn  abundance  of  genius  and 

invention  in  their  writings  ;  yet  they,  and  all  others  who  have 
followed  a  like  method,  have  begun  at  the  wrong  end,  in  tra¬ 
cing  the  chain  of  caufes,  and  have  attempted  to  form  a  fcheme 
of  philofophy  that  far  furpaffes  the  human  faculties.  The 
eternal  reafons  and  primary  caufes  of  things,  which  they  ima¬ 
gine  they  poffefs,  rife  infinitely  above  them  ;  while  certain  ob¬ 
servation,  and  plain  fadts,  perpetually  appear  in  contradiction  to 
their  boafted  (peculations. 


We  are  to  endeavour  to  rife,  from  the  effects  thro’  the  inter¬ 
mediate  caufes,  to  the  fupreme  caufe.  We  are,  from  his  works, 
to  feek  to  know  God,  and  not  to  pretend  to  mark  out  the 
fcheme  of  his  conduct,  in  nature,  from  the  very  deficient  ideas 
we  are  able  to  form  of  that  great  myfterious  Being.  Thus  na¬ 
tural  philofophy  may  become  a  fure  bafis  to  natural  religion, 
but  it  is  very  prepofterous  to  deduce  natural  philofophy  from 
any  hypothecs,  tho’  invented  to  make  us  imagine  ourfelves 
poffefi  of  a  more  complete  lyftem  of  metaphyfics,  or  con¬ 
trived  perhaps  with  a  view  to  obviate  more  eafily  fome  dif¬ 
ficulties  in  natural  theology.  We  may,  at  length,  reft  fatisfied, 
that  in  natural  philofophy,  truth  is  to  be  difcovered  by  experi¬ 
ment 
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ment  and  obforvation,  with  the  aid  of  geometry,  only  ;  and 
that  it  is  neceffary  fird  to  proceed  by  the  method  of  analyfis , 
oefore  we  prefume  to  deliver  any  lydem  jynthetically . 

We  may  alfo  learn  at  length,  from  the  bad  fuccefs  of  fo 
many  fruitlefs  attempts,  to  be  lefs  fond  of  perfed:  and  finifhed 
fchemes  or  natural  philofophy  •  to  be  willing  to  flop  when  we 
iind  we  are  not  in  a  condition  to  proceed  farther  •  and  to  leave  to 
poderity  to  make  greater  advances,  as  time  and  obfervation  fhall 
enable  them.  For  we  cannot  doubt  but  that  nature  has  diicove- 
ries  in  dore  for  future  times  alfo,  which  may  be  retarded  by 
our  lafh  and  ill-grounded  anticipations.  By  proceeding  with 
due  care,  every  age  will  add  to  the  common  dock  of  know- 
icdge  ;  the  myfleries  that  dill  lie  concealed  in  nature  may  be 
gradually  opened,  arts  will  dourifh  and  increafe,  mankind  will 
improve,  and  appear  more  worthy  of  their  iituation  in  the 

univerfe,  as  tney  approach  more  towards  a  perfect  knowledge 
of  nature. 

2.  ’Twas  thus  the  fpeculative  parts  of  the  mathematics  gra¬ 
dually  arole,  from  fmall  beginnings,  by  the  confpiring  labours  of 
great  men,  in  the  didant  ages  of  the  world.  The  Egyptians 
mgan  this  Icience,  the  Greeks  purfued  it,  the  Arabians  pre- 
feived  it,  when  it  was  lod  in  Europe ,  and  let  a  high  value  upon 
it  while  their  empire  dourifhed  ;  and  iince  the  late  memorable 
ledoration  of  letters  in  Europe ,  its  great  progrefs  has  been  the 
boad  of  modern  learning. 

d  ne  inundations  of  the  Nile  made  it  necedary  for  the 
Egyptians  to  invent  fome  art  by  which  they  fhould  be  able  to 
me  a  fui  e  their  land,  and  to  this,  we  are  told,  geometry  owes 
its  origin  and  name.  The  prieds  of  that  country,  abounding 
iii  Jeifure  and  genius,  improved  it  into  a  fcience  ;  and  their 

N  2  kings 
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kings  wrote  treatifes  upon  it.  Thales  brought  the  principles  ot 
it  into  where  it  was  fo  diligently  cultrvated  tha  the 

elementary  part  was  foon  compleated,  and  was  fo  g  ) 
efteemed  as  to  have  the  appellation  of  the 
manner  appropriated  to  it.  An  oracle  appointing  the  “1 
altar  of  Apollo  to  be  doubled  was,  we  prefume,  of  greate 
vantage  to  geometry  than  to  the  Athenians  then  afinded  with 
the  plague  ;  as  it  gave  occafron  to  Plato  to  confider  the  famous 
problem  of  the  duplication  of  the  cube,  and  produced  the  fo  ld 
Geometry.  It  afterwards  received  great  improvements  from  the 
incomparable  Archimedes ,  who  fquared  the  area  of  th parabola 
made  fome  progrefs  in  the  menfuration  of  the  circle,  and 
riched  this  fcience  with  many  difcovenes  worthy  of  fo  excellen 


a  genius. 


It  appears  that  it  advanced  but  by  degrees,  and  fometimes  by 
very  flow  fteps  :  one,  we  are  told,  difcoyered  that  the  three 

angles  of  an  Equilateral  triangle  were  equal 
•mother  went  farther,  and  fliewed  the  fame  thing  of  thole  that 
have  two  Tides  equal  and  are  called  ifofceles  triangles ;  and  i 
was  a  third  who  found  that  the  theorem  was  general,  and  e 
Si  i  to  triangles  of  all  fo.ts  •  In  like  nnntne^when  the 
fcience  was  farther  advanced,  and  they  came  to  treat  of  the 
conic  feftions,  the  plane  of  the  feftion  was  always  foppofed 
perpendicnlat  to  the  fide  of  the  cone  ;  the  parabola  was  the 
only  fedion  that  was  confidered  in  the  right-angled  cone, 

in  the  acute-angled  cone,  and  the  typ.rbU  in  the  oh- 
tule- angled.  From  thefe  three  forts  of  cones,  the  fig 
of  the  feftions  had  their  names,  for  a  confidence  tune  ;  tfll  at 
length  Apollonius  fliewed  how  they  might  be  all  cut  out  of  a  y 


*  Procti  Comment,  in  Euclidm • 


one 


Chap.  5.  PHILOSOPHICAL  DISCOVERIES.  93 
one  cone,  and  by  this  difcovery  merited  in  thofe  days  the  ap¬ 
pellation  of  the  great  geometrician. 

By  fuch  Heps  this  fcience  rofe,  in  procefs  of  time,  to  that 

vaft  height  for  which  it  is  admired.  Problems  that  appeared  of 

an  infuperable  difficulty  in  one  age  were  refolved  in  another, 

j  *  ^  thWA  were  in  a  manner  defpifed  as  too  limpie  and 

eafy  “partLkr  theorems  were  firft  inyeftigated  that  led  to 

more’  extenfive  difcoveries  ;  laborious  methods  were  fo  lowed, 

rill  others  were  found  that  were  more  fimple  and  general  ;  bu 

he  me“  eft  care  was  always  taken  of  the  certainty  and  evrdence 
the  greatelt  care  w  w>s  ,„deed  a  long 

„f  the  crenee ,J .  «s  jarn^  ^  whe„  it  fWhed 

fcrii  and  reefved  in  E«r»f,  :  but  the  undents,  having 

founded  it  on  unexceptionable  grounds,  “'•>  ^  ;°"works 

the  utmoft  accuracy,  when  learning  was  reitored,  the 
ferved  for  a  bafis,  as  well  as  for  models,  to  the  modern  mven- 

~  7ith' r  “/tm^n 

rigour ‘and  knowledge.  They  fo# made  eflays  of  a  weak  and 

itl-nKSlisitir- 

ages,  nothing  feem  d  too  high  ioi  them. 

,  From  what  we  have  obferved  concerning  the  liiftor) 
natural  philofophy,  it  may  eafily  be  underftood  why  its  pro- 
arefs  has  been  fo  different  ;  and  whence  it  proceeds  that  we 
feldom  have  found  in  it,  as  in  geometry  ^at  pl«hng  gradua 

XdofS^to  operations,  they  gave  their  imaginatrons 
Ml“.ay  lhereS  they  Lght  to  have  hefrtated,  they  d.erded  i 
and  where  there  was  no  difficulty,  they  doubted.  What^ 
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Simple  they  divided,  and  defined  what  was  plain  ;  but  in  what 
was  more  intricate,  the  Subterfuges  of  art  were  fet  up  in  op- 
pofition  to  nature,  and  captious  fcience  againft  common  rea- 
ion  ;  while  one  ill-grounded  maxim  was  imagined,  to  Support 
another,  and  fiction  was  grafted  on  fidion.  fdypotheies  were 
invented,  nor  for  reducing  fads  or  observations  of  a  compli- 
cated  nature  to  rules  and  order,  (for  which  purpofe  they  mav 
be  of  Service)  but  as  principles  of  fcience.  Thefe  were  of  lo 
great  authority  as  not  to  be  overturned  by  contradictory  obser¬ 
vations,  or  by  the  extravagant  confequences  that  arofe  from 
them  ;  but  the  author,  charm’d  with  his  rhapfody,  proceeded, 
without  minding  thefe,  to  the  conclufion  of  his  fable. 

Thus  one  age  or  fed  could  not  but  deftroy,  for  the  moil 
part,  the  labours  of  another.  Sometimes  the  numbers  and 
harmony  of  the  Pythagoreans  Served  for  explaining  what  was 
moil  myfterious  in  nature  ;  the  ideas  of  Plato ,  the  matter  and 
form  of  Ariflotle  prevailed  in  their  turn  ;  but  thefe  were  of 
ule  only  to  veil  the  ignorance  of  men.  Epicurus  employed  his 
philofophy  to  overthrow  the  plain  and  evident  didates  of  fenfe 
and  reaion  ;  yet  difciples  were  not  wanting  to  Support  and 
adorn  fo  abfurd  a  Scheme.  The  Sceptics  went  into  the  oppofite 
extreme,  and  became  fo  fond  of  darknefs  that  they  would  not 
lee  the  light  tho’  never  fo  clear  ;  and  fome  of  them  chofe  rather 
to  Qoub-t  that  they  doubted,  than  to  acknowledge  any  thing  ■ 
yet  they  too  had  numerous  followers.  Afterwards  philofopliy 
was  m  no  eileem  but  as  far  as  it  ierved,  by  a  perplexed  and 
falfe  glofs,  to  promote  the  ends  of  fuperilition.  Of  late,  the 
pretended  clear  ideas  of  Des  Cartes,  and  metaphyfical  Specu¬ 
lations  of  Mr.  Leibnitz ,  have  been  received  by  many  for  true 
philofophy  ;  not  to  mention  the  extravagancies  of  Spinoza , 
and  a  thoufand  crude  notions  that  deferve  no  memory. 

We 
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We  have  feen,  in  the  foregoing  account  of  the  hate  of  phi- 
lofophy  in  different  periods,  that  they  who  have  indulged  them- 
felves  in  inventing  fy items  and  compleating  them,  tho5  they 
have  fometimes  fet  out  in  a  manner  that  has  appeared  plau- 
fible,  yet,  in  purfuing  thofe  fchemes,  fuch  confequences  have 
arifen  as  could  not  fail  to  difguft  all  but  fuch  as  were  intoxi¬ 
cated  with  the  deceit.  Some,  from  their  fondnefs  to  explain 
all  things  by  mechanifm,  have  been  led  to  exclude  every  thing 
but  matter  and  motion  out  of  the  univerfe  :  others,  from  a 
contrary  difpofltion,  admit  nothing  but  perceptions,  and  things 
which  perceive ;  and  fome  have  purfued  this  way  of  reafoning, 
till  they  have  admitted  nothing  but  their  own  perceptions. 
Others,  while  they  overlook  the  intermediate  links  in  the  chain 
of  caufes,  and  haftily  refolve  every  principle  into  the  immediate 
influence  of  the  flrfl  caufe,  impair  the  beauty  of  nature,  put 
an  end  to  our  enquiries  into  the  rnoft  fublime  part  of  philo- 
fophy,  and  hurt  thofe  very  interefls  which  they  would  pro¬ 
mote.  In  framing  thofe  fyftems,  he  who  has  profecuted  each 
of  them  fartheft  has  done  this  valuable  fervice,  that,  while  he 
vainly  imagined  he  improved  or  compleated  it,  he  really  opened 
up  the  fallacy,  and  reduced  it  to  an  abfurdity.  Many  who 
buffered  themfelves  to  be  pleafed  with  Des  Cartes  s  fable,  were 
put  to  a  ftand  by  Spinoza’s  impieties.  Many  went  along  with 
Mr.  Leibnitz's  fcheme  of  abfolute  neceffity,  but  demurred  at 
his  monads  and  pre-ejlablifhed harmony .  And  fome,  willing  to 
give  up  the  reality  of  matter,  could  not  think  of  giving  up  their 
own  and  other  minds. 

The  variety  of  opinions  and  perpetual  difputes  amongfl  phi- 
lofophers  has  induced  not  a  few,  of  late  as  well  as  in  former 
times,  to  think  that  it  was  vain  labour  to  endeavour  to  acquire 
certainty  in  natural  knowledge,  and  to  afcribe  this  to  fome  uiu 

2  avoidable 
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avoidable  defed  in  the  principles  of  the  fcience.  But  it  has 
appeared  fufficiently,  from  the  difcoveries  of  thofe  who  have 
consulted  nature  and  not  their  own  imaginations,  and  paiti- 
eularly  from  what  we  learn  from  Sir  I  facie  N zwton^  that  the 
fault  has  lain  in  the  philofophers  themfelves,  and  not  in  philo- 
fophy.  A  compleat  fyftem  indeed  was  not  to  be  expeded  from 
one  man,  or  one  age,  or  perhaps  from  the  greateft  number  of 
ages  ;  could  we  have  expeded  it  from  the  abilities  of  any  one 
man,  we  furely  fhould  have  had  it  from  Sir  Ifaac  Newton  : 
but  he  faw  too  far  into  nature  to  attempt  it.  How  far  he  has 
carried  this  work,  and  what  are  the  mod  important  of  his 
difcoveries,  we  now  proceed  to  confider. 


BOOK 


Chap.  i.  PHILOSOPHICAL  DISCOVERIES. 


97 


BOOK  II. 

Of  the  theory  of  motion ,  or  rational  mechanics, 

C  H  A  P.  I. 

Of  fpace>  time ,  matter ,  and  motion . 

i.  A  S  we  are  certain  of  our  own  exiftence,  and  of  that 
/%  of  our  ideas,  by  internal  confcioufnefs  ;  fo 
jl  Hk  we  are  fatisfied,  by  the  fame  confcioufnefs,  that 
there  are  objects,  powers,  or  caufes  without  us,  and  that  aCt 
upon  us.  For  in  many  of  our  ideas,  particularly  thofe  that 
are  accompanied  with  pain,  the  mind  muft  be  paffive,  and  re¬ 
ceive  the  impreffions  (which  are  involuntary)  from  external 
caufes  or  inftruments,  that  depend  not  upon  us.  We  eafily 
diftinguifh  thefe  objects  into  two  general  claffes.  The  firft  is 
of  thofe  which  we  perceive  to  have  a  fpontaneity,  or  felf- 
moving  power,  and  feveral  properties  and  affections  limilar  to 
thofe  of  our  own  minds,  fuch  as  reafoning,  judging,  willing, 
loving,  hating,  &fe.  The  fecond  general  clafs  is  of  thofe  in 
which  no  fuch  affections  appear,  but  which  are  fo  far  of  a  paffive 
nature,  that  they  never  move  of  themfelves,  neither,  when  they 
are  in  motion,  do  they  ever  flop  without  fome  external  influence. 
If  one  of  thefe  move  out  of  its  place,  without  the  appearance 
of  a  mover,  we  immediately  conclude  that  this  is  owing  to 
fome  inviflble  agent  ;  fo  much  are  we  perfuaded  of  its  own 
inertia .  If  we  lay  up  one  of  them  in  any  place,  we  expect  to 
find  it  there  at  any  diftance  of  time,  if  no  other  powers  have 

O  had 
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had  accefs  to  it.  This  paffive  nature,  or  inertia ,  is  what  chiefly 
diftinguifhes  the  fecond  clafs  of  external  obje&s,  which  is 
called  body  or  ?natter  \  as  the  former  is  called  mind  or  fpimt. 

2.  Flow  external  objedts,  of  either  clafs,  adt  upon  the  mind, 
by  producing  fo  great  a  variety  of  imprefflons  or  ideas,  is  not 
our  buflnefs  at  prelent  to  enepnre  :  neither  is  it  neceflaiy  for  us 
to  determine  how  exadt  or  perfedt  the  refemblance  may  be  be¬ 
tween  our  ideas  and  the  objedts  or  fubflances  they  reprefent. 
In  our  ideas  which  are  repetitions  of  other  ideas,  we  And  very 
different  degrees  of  refemblance  between  them  and  thofe  of 
which  they  are  repetitions.  The  idea  we  form  in  our  imagi¬ 
nation  of  a  perfon,  place,  or  figure  which  we  have  often  feen, 
has  a  much  more  perfedt  refemblance  to  the  imprefiion  we  re¬ 
ceive  from  fenfe,  than  the  idea  we  are  able  in  our  imagination 
to  form  of  pain,  as  to  the  fenfation  we  have  felt  of  it.  And 
as  it  is  no  objedfion  againft  the  exiftence  of  the  fouls  or  other 
men,  that  they  may  be  very  different  from  the  notion  or  con¬ 
ception  we  may  have  formed  of  them  ;  fo  it  is  no  juft  reafon 
againft  admitting  the  exiftence  of  body,  that  its  inward  effence, 
or  fubflratum,  may  be  very  different  from  any  thing  we  know 
of  it.  It  is,  however,  rating  our  ideas  of  external  objedts  by 
much  too  low,  to  compare  them  to  words  or  mere  arbitrary 
Bans,  ferving  only  to  diftinguilh  them  from  each  other.  For  it  is 
from  our  ideas  of  them  that  we  learn  their  properties,  relations, 
and  their  influences  upon  each  other,  and  upon  our  minds  and 
thofe  of  others,  and  acquire  ufeful  knowledge  concerning  them 
and  ourfelves.  For  example,  by  comparing  and  examining 
our  ideas,  we  judge  of  order  and  confufion,  beauty  and  de¬ 
formity,  fitnefs  and  unfitnefs,  in  things.  The  ideas  of  num¬ 
ber  and  proportion,  upon  which  fo  ufeful  and  extenfive  fciences 
are  founded,  have  the  fame  origin. 


3.  The 
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3.  The  mind  is  intimately  confcious  of  its  own  activity  in 
reflecting  upon  its  ideas,  in  examining  and  ranging  them,  in 
forming  fuch  as  are  complex  from  the  more  Ample,  in  reafoning 
from  them,  and  in  its  elections  and  determinations.  From  this, 
as  well  as  from  the  influence  of  external  objects  upon  the  mind, 
and  from  the  courfe  of  nature,  it  eafily  acquires  the  ideas  of 
caufe  and  effect.  When  a  figure  defcribed  upon  a  board  pro¬ 
duces  a  fimilar  idea  or  impreflion  on  all  thole  who  fee  it,  it  is 
as  natural  to  afcribe  this  to  one  caufe,  as,  when  we  ipeak  to  a 
numerous  audience,  the  effect  of  the  difcourfe  is  to  be  afcribed 
to  us  ;  tho’  we  may  be  unable  to  explain  how  the  impreiiion 
of  the  figure  is  communicated  to  the  feveral  fpectators,  or  the 
difcourfe  to  the  hearers.  It  were  eafy  to  make  many  more  re¬ 
marks  on  the  philofophy  of  thofe  whofe  principles  would  lead 
them  to  maintain,  that  external  objects  vary  with  our  precep- 
tions,  and  that  the  object  is  always  different  when  perceived 
by  different  minds,  or  by  the  fame  perfon  at  different  times, 
or  in  different  circumftances.  It  will  not  be  expected  from  us 
that  we  fhould  enter  farther,  in  a  treatife  of  this  kind,  into  the 
examination  of  doctrines  as  fruitlefs  as  they  are  extravagant. 

4.  Body  not  only  never  changes  its  ftate  of  itfelf,  in  con- 
fequence  of  its  paflive  nature  or  inertia ,  but  it  alfo  refills  when 
any  fuch  change  is  produced  :  when  at  reft,  it  is  not  put  in 
motion  without  difficulty  ;  and  when  in  motion,  it  requires  a 
certain  force  to  flop  it.  This  force  with  which  it  endeavours  to 
perfevere  in  its  ftate,  and  refills  any  change,  is  called  its  vis 
inertice  ;  and  arifes  from  the  inertia  of  its  parts,  being  always 
proportional  to  the  quantity  of  matter  in  the  body  ;  infomuch 
that  it  is  by  this  inertia  only  we  are  able  to  judge  of  the  quan¬ 
tity  of  matter.  And  this  judgment  is  well  founded,  becaufe 
we  conftantly  find  that  when  we  double  or  triple  a  body,  or 
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increafe  or  diminish  it  in  any  proportion,  we  muft  double  or 
triple  the  force  that  is  requifite  to  move  it  with  the  fame  cele¬ 
rity,  or  increafe  or  diminifh  it  in  the  fame  proportion  with  the 
body.  If  the  folid,  uncompounded  particles  void  of  pores, 
of  equal  bulk,  have  their  inertia  equal,  then  this  muft  be  ac¬ 
curately  true  :  but  if  matter  be  of  kinds  fo  different  from  each 
other,  that  the  folid  elementary  particles  of  the  one  have  a 
greater  inertia  than  equal  folid  elementary  particles  of  the  other 
kind,  then  it  is  only  when  we  compare  thofe  of  the  fame  kind, 
that  we  can  affirm  the  inertia  to  be  proportional  to  the  quantity 
of  matter.  Such  different  kinds  of  matter  may  exift  for  ought 
we  know  ;  but  it  is  by  diminifhing  or  increafing  the  number  or 
dimenfions  of  the  pores  of  bodies  that  they  are  condenfed  or 
rarified,  according  to  our  experience,  and  thereby  the  inertia 
of  a  given  bulk  increafed  or  diminifhed. 

5.  Space  is  extended  without  limits,  immoveable,  uniform 
and  fimilar  in  all  its  parts,  and  void  of  all  refiftance.  It  con- 
fifts  indeed  of  parts  which  may  be  diftinguifhed  into  other 
parts,  lefs  and  lefs,  without  end,  but  cannot  be  feparated  from 
each  other  and  have  their  fituation  and  diftances  changed. 

6.  Body  is  extended  in  fpace,  moveable,  bounded  by  figure, 
folid,  and  impenetrable,  refilling  by  its  inertia ,  divifible  into 
parts,  lefs  and  lefs,  without  end,  that  may  be  feparated  from 
each  other  and  have  their  fituation  or  diftances  changed  in  any 
manner. 

7.  From  the  fucceffion  of  our  own  ideas,  and  from  the 
fucceffive  variations  of  external  objects  in  the  courfe  of  nature, 
we  eafily  acquire  the  ideas  of  duration  and  time^  and  of  their 
meafures.  We  conceive  true  or  abfolute  time,  to  flow  uni- 
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forml-y  in  an  unchangeable  courfe,  which  alone  ferves  to  mea- 
fure  with  exadnefs  the  changes  of  all  other  things.  For  unlefs 
we  corred  the  vulgar  meafures  of  time,  which  are  grofs  and 
inaccurate,  by  proper  equations,  (as  in  prediding  the  eclipfes  of 
the  fatellites  of  Jupiter ,  and  moft  other  aftronomical  phaeno- 
mena)  the  concluftons  are  always  found  inaccurate  and  er¬ 
roneous  :  and  however  various  the  flux  of  time  may  appear  to 
different  intelledual  beings,  it  cannot,  at  leaft,  be  thought  to 
depend  upon  the  ideas  of  any  created  being.  Time  may  be 
conceived  to  be  divided  into  fucceffive  parts  that  may  be  lefs 
and  lefs  without  end  ;  tho’,  with  refped  to  any  one  particular 
being,  there  may  be  a  leaft  fenflble  time,  as  well  as  a  minimum 
fenfibile  in  other  magnitudes. 

8.  Motion  is  the  change  of  place;  that  is,  of  the  part  of 
fpace  which  the  body  occupies,  or  in  which  it  is  extended. 
The  motion  is  real  or  abfolute ,  when  the  body  changes  its  place 
in  abfolute  fpace.  It  is  called  relative ,  when  the  body  changes 
its  place  with  relation  only  to  ambient  bodies';  and  it  is  appa¬ 
rent  motion,  when  the  body  changes  its  fttuation  with  refped 
to  other  bodies  that  appear  to  us  to  be  at  reft.  The  parts  of 
abfolute  fpace  not  being  the  objeds  of  our  fenfes,  it  is  one  of 
the  great  difficulties  in  philofophy  to  diftinguiffi  which  motions 
are  true  and  real,  and  which  are  apparent  only.  However, 
philofophers  by  proper  care  are  often  able  to  efted  this,  by  ar¬ 
guing  juftly  from  the  caufes  of  the  motion  when  known,  or 
from  their  properties  and  effeds.  A  real  circular  motion,  for 
example,  is  always  accompanied  with  a  centrifugal  force, 
ariftng  from  the  tendency  which  a  body  always  has  to  proceed 
in  a  right  line.  Thus,  from  the  centrifugal  force  which,  at  the 
equator,  diminifhes  the  gravity  and  retards  the  motion  of  the 
pendulum,  fo  that  it  moves  more  flowly  there  than  towards 
either  pole,  we  have  a  proof  of  the  earth’s  diurnal  rotation  on 
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its  axis.  At  the  lame  time,  the  diurnal  revolution  of  the  hea¬ 
venly  bodies  about  the  earth  muft  be  apparent  only  ;  lince  if  it 
was  real,  an  immenfe  centrifugal  force  would  thence  arife, 
which  could  not  but  difcover  itfelf ;  becaufe  they  move  in  free 
fpaces,  and  the  folid  orbs  have' been  exploded  upon  the  moB 
evident  grounds. 

9.  X  know  that  fome  metaphysicians  of  great  character  con¬ 
demn  the  notion  of  abfolute  fpace,  and  accufe  mathematicians 
in  this  of  realizing  too  much  their  ideas  :  but  if  thofe  philo- 
iophers  would  give  due  attention  to  the  phenomena  of  motion, 
they  would  fee  how  ill  grounded  their  complaint  is.  From  the 
obfervation  of  nature,  we  all  know  that  there  is  motion  ; 
that  a  body  in  motion  perfeveres  in  that  Bate,  till  by  the 
adtion  or  influence  of  fome  power  it  be  neceliitated  to  change 
it ;  that  it  is  not  in  relative  or  apparent  motion  in  which  it  per¬ 
feveres,  in  confequence  of  its  inertia ,  but  in  real  and  abfolute 
motion.  Thus  the  apparent  diurnal  motion  of  the  ftars 
would  ceafe,  without  the  leafl  power  or  force  acfling  upon 
them,  if  the  motion  of  the  earth  was  ftopt  ;  and  if  the  ap¬ 
parent  motion  of  any  flar  was  deBroyed  by  a  contrary  motion 
imprefled  upon  it,  the  other  celeBial  bodies  would  Bill  appear 
to  perfevere  in  their  courfe,  the  centrifugal  force  at  the  asquator 
would  Bill  fubflB,  with  the  fpheroidical  figure  of  the  fluid 
ocean  ;  the  confequences  of  the  real  motion  of  the  earth  upon 
its  axis.  They  who  are  not  well  acquainted  with  the  theory  of 
motion,  more  eafily  allow  that  a  body  at  refi  continues  at 
refi,  in  confequence  of  its  paflive  nature  or  inertia ,  than  that 
when  in  motion  it  continues  in  motion  :  but  this  perfeverance 
of  a  body  in  a  Bate  of  reB  can  only  take  place  with  relation  to 
abfolute  fpace,  and  can  only  be  intelligible  by  admitting 
it.  When  a  topp  turns  upon  a  fmall  pivot,  its  circular  mo¬ 
tion  will  continue  fmooth  for  a  long  time,  but  any  body  placed 
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upon  its  furface  docs  not  continue  in  that  place,  but  immedi¬ 
ately  flies  oft".  When  a  fthip  moves  fteadily,  any  body  placed 
in  the  cabin  continues  in  its  place,  as  if  the  whole  was  at  reft  ; 
but  when  the  motion  of  the  Chip  is  ftopt,  the  body  flies  off  in 
the  direction  of  its  former  motion  ;  for,  in  confequence  of  its 
inertia ,  it  endeavours  to  perfevere,  not  in  its  ftate  of  reft  in  the 
fhip,  but  in  its  ftate  of  motion  or  reft  with  regard  to  abfolute 
fpace.  It  were  eafy  to  enlarge  on  this  fubjedt,  and  to  Anew 
that  there  is  no  explaining  the  phenomena  of  nature  without 
allowing  a  real  diftmdlion  between  tiue,  or  real,  and  apparent 
motion,  and  between  abfolute  and  relative  fpace.  W  hatever 
thofe  philofophers  may  pretend,  we  have  no  clearer ^idea  than 
of  fpace;  and  tho’  fome  puzzling  difputes  may  arife  in  fome 
of  our  enquiries  concerning  it,  this  is  what  we  meet  with  in  all 
our  enquiries  into  nature  ;  our  knowledge  of  which  we  ought 
to  take  care  to  have  as  clear  and  well  founded  as  pofiible,  tho 
it  is  in  vain  to  pretend  to  make  it  complete  and  perfedt ;  as  we 
obferved  in  the  ftrft  book. 


10.  Body  being  diftinguifhed  from  fpace  by  its  vis  inertia: 
or  refiftance,  it  is  an  obvious  fuggeftion  of  common  fenfe  that 
all  fpace  is  not  equally  full  of  matter  ;  and  it  is  the  reful  t .of 
philofophical  enquiries,  that  the  folid  matter  in  the  denfeft 
bodies  bears  a  fmall  proportion  to  their  whole  bulk.  _  The  rays 
of  light  find  a  paffage  through  a  glafs  globe  in  all  diredhons, 
whkh  argues  J  great  rarity  of  the°globe,  as  well  as  the  fub- 
tility  of  light.  The  fame  is  to  be  faid  of  the  magnetic  ana 
eledtric  effluvia ,  and  of  the  fubtile  matter  that  pervades  the 
pores  of  bodies  with  great  freedom  in  chymical  experiments. 
As  for  thofe  fluids  which  philofophers  have  invented,  in  order 
to  replenifti  the  pores  of  bodies,  fo  as  to  exclude  a  void  out  of 
the  univerfe,  we  made  fome  obfervations  upon  them  in  the  fiift 

book  :  and  we  may  have  occafion  afterwards  to  fhew  how 
5  improper 
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improper  they  are  for  accounting  for  the  phenomena  which 
have  been  afcribed  to  them. 

1 1 .  Space  and  time  ferve  to  meafure  each  other,  recipro¬ 
cally,  by  motion  :  time  is  in  a  perpetual  flux  and  perifhing  ; 
but  a  reprefentation  of  it  is  preferved  in  the  fpace  defcribed  by 
the  motion.  When  the  fpace  flows  as  the  time,  that  is,  when 
equal  parts  of  fpace  are  defcribed  in  any  equal  parts  of  the  time, 
then  the  motion  is  uniform,  and  the  velocity  is  conftant  or 
unvaried  during  the  motion.  When  the  parts  of  fpace,  de¬ 
fcribed  in  any  equal  fucceflive  parts  of  the  time,  continually  in- 
creafe,  the  motion  is  accelerated  ;  and  when  thofe  parts  of 
fpace  continually  decreafe,  the  motion  is  retarded.  In  general, 
the  velocity  of  motion  is  always  meafured  by  the  fpace  that 
would  be  defcribed  by  that  motion  continued  uniformly  for  a 
given  time.  It  is  obvious  that  the  fpace,  defcribed  by  an  uniform 
motion,  is  in  the  compound  proportion  of  the  time  and  velocity 
of  the  motion  :  but  in  general,  let  a  b,  ( Fig .  i.)  the  bafe  of  a 
figure,  reprefen t  the  time  of  a  motion,  and  the  ordinate  or 
perpendicular  p  m,  at  any  point  p  of  the  bafe,  meafure  the 
velocity  at  the  correfponding  term  of  time,  (that  is,  the  fpace 
which  would  be  defcribed  by  the  motion  continued  uniformly 
from  that  term  for  a  given  time)  then  the  area  of  the  figure 
a  b  d  fo  formed  will  meafure  the  fpace  defcribed  by  the  motion, 
in  the  time  reprefented  by  the  bafe  a  b.  Thus  a  rectangular 
parallelogram  ferves  to  meafure  the  fpace  defcribed  by  an  uni¬ 
form  motion,  the  time  being  reprefented  by  the  bafe,  and  the 
conftant  velocity  of  the  motion  by  the  perpendicular.  The 
fpace  defcribed  by  a  motion  which  is  uniformly  accelerated 
(the  velocity  of  which  increafes  uniformly  as  the  time,  that  is, 
receives  equal  augments  in  any  equal  fucceflive  parts  of  time) 
is  reprefented  by  a  triangle  ;  the  time  being  reprefented  by 
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the  bafe,  and  the  increafing  velocity  by  the  perpendicular, 
which  increafes  in  the  fame  proportion  as  the  bafe.  Becaufe 
the  triangle  is  the  half  of  a  parallelogram  of  the  fame  bafe  and 
altitude,  the  fpace  defcribed  by  a  motion  uniformly  accelerated, 
during  any  time,  from  the  beginning  of  the  motion,  is  one 
half  of  what  would  have  been  defcribed  if  the  motion  had  been 
uniform,  and  the  velocity  had  been  the  fame  as  is  acquired  at 
the  end  of  that  time.  Becaufe  limilar  triangles  are  as  the 
fquares  of  their  analogous  fides,  the  fpaces  defcribed  by  a  mo¬ 
tion  uniformly  accelerated,  being  meafured  by  fuch  triangles, 
are  as  the  fquares  of  the  times  from  the  beginning  of  the  motion ; 
or  as  the  fquares  of  the  velocities  acquired  at  the  end  of  thofe 
times.  The  fpaces  defcribed  by  motions  uniformly  retarded 
are  meafured  in  the  fame  manner  ;  only  the  times  and  velocities 
are  to  be  taken  in  a  contrary  order,  till  the  extinction  of  the 
motion.  In  other  cafes,  the  fpaces  are  meafured  by  curvi¬ 
linear  areas.  And  becaufe  there  are  areas  whofe  ordinates  de- 
creafe  in  fuch  a  manner,  that  tho*  the  figure  be  produced  in¬ 
definitely,  the  area  never  amounts  to  a  certain  finite  fpace  ;  it 
appears  that  the  velocities  of  a  retarded  motion  may  decreafe  in 
fuch  a  manner,  that,  tho’  the  motion  was  continued  ever  fo 
long,  yet  the  fpace  defcribed  by  it  fhould  not  exceed  any  cer¬ 
tain  given  line.  For  example,  if  the  velocity  during  the  firfi 
hour  be  double  of  what  it  is  in  the  fecond  hour,  and  this  be  re¬ 
duced  to  its  half  in  the  third  hour,  and  fo  on  for  ever,  then  the 
fpace  defcribed  by  this  motion,  tho’  it  was  to  continue  for  the 
greateft  number  of  ages,  will  never  amount  to  the  double  of 
the  line  defcribed  in  the  firfi:  hour. 

1  2.  The  quantity  of  motion  in  a  body  being  the  fum  of  the 
motions  of  its  parts,  is  in  the  compounded  ratio  of  its  quantity 
of  matter  and  of  the  velocity  of  the  motion.  II  the  body  a, 
of  a  quantity  of  matter  reprefentcd  by  2,  moves  with  a  velocity 
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reprefented  by  5,  and  the  body  b,  reprefented  by  3,  moves 
with  a  velocity  reprefented  by  4  ;  then  the  quantity  of  motion 
of  A,  fhall  be  to  the  quantity  of  motion  of  b,  in  the  com¬ 
pounded  ratio  of  2  to  3  and  of  5  to  4,  that  is  as  2  x  5  to  3  x  4, 
or  as  10  to  12.  There  appears  to  be  no  ground  for  making  a 
diftindion  between  the  quantity  of  motion  and  the  force  of  a 
body  in  motion  ;  as  all  the  power  or  activity  of  body  arifes  from 
and  depends  upon  its  motion.  We  are  not,  however,  to  ex- 
pe£t  that  all  the  effeds  of  the  motion  of  bodies  fhould  be  pro¬ 
portional  to  the  quantity  of  motion,  unlefs  a  due  regard  be  had 
to  the  time  of  the  motion,  and  to  the  diiedion  111  which  it 
ads,  according  to  the  true  principles  of  mechanics.  A  body, 
in  confequence  of  its  uniform  motion,  defcribes  a  certain  fpace 
in  a  certain  time  ;  but  there  is  no  fpace  fo  great  that  may  not 
be  defcribed  by  it,  if  the  time  be  not  limited.  When  a  body 
ads  upon  another  body,  the  effed  is  very  different  accoiding  to 
the  diredion  in  which  it  ads.  How  necelfary  it  is  to  have  re¬ 
gard  to  tliefe,  in  determining  the  effeds  of  the  motions  and 
adions  of  bodies,  will  appear  more  fully  in  the  next  chapter. 

13.  When  a  body  tends  to  move,  but  is  hindeiedby  fome 
obffacle,  this  tendency  is  called  prejfure.  It  is  not  to  be  com¬ 
pared  with  the  force  of  a  body  in  motion,  no  more  than  a 
line  is  to  be  compared  with  the  redangle  that  is  generated  by 
it.  Of  this  kind  is  the  gravity  of  a  body  that  reds  and  preffes 
upon  a  table,  or  cf  water  upon  the  bottom  of  a  veffel,  or  of 
air  upon  the  fails  of  a  fhip.  When  the  obftacle  is  removed, 
the  continual  adion  of  the  preffure  generates  motion  in  the 
body,  in  any  finite  time.  Thus  gravity  accelerates  the  motion 
of  falling  bodies,  by  ading  inceffantly  upon  them.  When  an 
orifice  is  opened  in  the  bottom  of  a  veffel,  the  preffure  of  the 
fluid  accelerates  the  motion  of  the  ifluing  water,  and,  in  an 
exceedin'1-  little  time,  brings  its  velocity  to  a  height.  When 
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the  wind  ads  upon  the  fails  of  a  fhip,  it  accelerates  her  mo¬ 
tion  for  fome  time,  till  the  refinance  of  the  water  (which  in- 
creafes  with  the  increafing  velocity  of  the  fhip)  ballances  the 
action  of  the  wind  ;  after  which  her  motion  becomes  uni¬ 
form.  In  thefe,  and  all  fuch  other  inftances,  the  motion  be¬ 
gins  from  nothing  ;  and  it  is  in  confequence  of  the  continual 
inceffant  adion  of  the  power  or  preffure,  that  the  velocity,, 
generated  in  any  finite  time,  is  finite.  If  we  were  to  fuppofe 
that  each  action  of  the  power  produced  a  finite  augmentation 
of  velocity,  the  motion  acquired  in  the  leaft  finite  time  would 
be  infinite,  or  furpafs  any  afhgnable  velocity  ;  as  we  have  de- 
monftrated  elfewhere  *. 

14.  Gravity  is  the  befl  known  to  us  of  all  thofe  powers  or 
preffures.  Becaufe  all  bodies  delcend  with  equal  velocity  in  a 
void,  the  gravity  of  bodies  mud  be  proportional  to  their  quan¬ 
tity  of  matter  ;  and  depends  not  upon  the  figure  or  texture  of 
the  parts,  but  upon  their  folk!  matter  only.  This  is  evident 
by  experiments  of  the  motion  ol  pendulums,  made  with  the 
greateft  exadnefs.  For  when  the  lengths  of  the  pendulums 
are  equal,  bodies  of  very  different  bulks,  and  different  inter¬ 
nal  and  external  texture,  perform  their  vibrations  in  times  ex- 
adly  equal  in  equal  arcs,  keeping  always  pace  together,  and 
acquiring  always  equal  velocities  at  the  correfponding  points 
of  thofe  arcs,  unlefs  fo  far  as  the  refiftance  ol  the  air  ads 
upon  them  unequally.  In  the  common  bufinefs  of  life,  the 
quantity  of  matter  of  bodies  has  been  always  meafured  out  by 
their  weight ;  tho’  the  influence  of  the  air  is  various  in  its 
different  Rates,  and  renders  this  menfuration  fomewhat  unac- 
curate  in  things  of  great  value.  t  ho’  the  gravity  of  bodies 
really  arifes  from  their  gravitation  towards  the  feveral  parts  of 

*  See  the  Treatife  of  Fluxions ,  §44. 
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the  earth  (as  will  appear  afterwards)  yet,  becaufe  this  power 
ads  around  in  all  parts,  and  its  diredion  is  nearly  towards  the 
centre  of  the  earth,  it  is  therefore  called  a  centripetal  force. 
We  fhall,  afterwards,  die w  that  fimilar  centripetal  forces  tend  to 
the  fun  and  planets.  Thefe  forces  are  of  three  kinds  :  the 
abfolute  force  is  meafured  by  the  motion  that  would  be  pro¬ 
duced  by  it  in  a  given  body,  at  a  given  diftance.  For  ex¬ 
ample,  the  abfolute  centripetal  force  tending  towards  the  fun  is 
to  that  which  tends  toward  the  earth,  as  the  motion  which 
would  be  produced  by  the  force  tending  toward  the  fun  in  a 
given  body,  at  a  given  diftance  without  the  fun’s  body,  is  to 
the  motion  which  would  be  produced  by  the  force  tending  to¬ 
wards  the  earth  in  an  equal  body,  at  an  equal  diftance  from 
it.  As  when  we  compare  the  forces  of  two  magnets,  we  muft 
compare  their  effedts  at  equal  diftances  ;  fo  when  we  compare 
the  abfolute  forces  which  tend  to  the  central  bodies,  the  com- 
parifon  cannot  be  juft  unlefs  it  be  from  effebts  produced  when 
the  circumftances  are  alike. 

The  fecond  fort  of  centripetal  force  is  the  accelerating  force, 
which  is  meafured  by  the  velocity  generated  by  it  in  a  given 
time,  and  is  different  at  different  diftances  from  the  fame  central 
body,  but  depends  not  on  the  quantity  of  matter  of  the  body 
that  gravitates,  being  equal  in  all  forts  of  bodies  at  equal 
diftances  from  the  centre.  The  third  fort  is  the  weight,  or 
the  vis  matrix ,  and  is  meafured  by  the  quantity  of  motion  that 
is  generated  in  a  heavy  body  in  a  given  time  ;  and  differs  from 
the  accelerating  force  in  the  fame  manner  as  motion  differs 
from  velocity. 

15.  Becaufe  the  power  of  gravity  is  fo  well  known  to  us, 
when  we  enquire  into  other  powers,  we  endeavour  to  com¬ 
pare  them  with  that  of  gravity,  and  to  determine  their  pro¬ 
portion. 
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portion.  We  find  a  great  variety  of  powers  analogous  to  it  in 
nature  5  fuch  as  that  by  which  the  particles  of  fluids  form 
themfelves  into  drops  ;  that  by  which  the  parts  of  hard  bodies 
cohere  together  ;  that  by  which  the  rays  of  light,  in  entering 
into  water  or  glafs,  or  into  any  medium  of  a  greater  refradive 
power,  are  conftantly  bent  towards  the  perpendicular,  and 
when  they  are  incident  upon  the  farther  furface  of  the  glafs, 
with  a  fufficient  obliquity,  are  all  turned  back  into  the  glafs, - 
though  there  be  no  fenfible  medium  behind  the  glafs  to  refled  it ; 
in  the  fame  manner  as  a  heavy  body  projeded  obliquely  upwaids 
is  bent  into  a  curve,  and  brought  back  to  the  earth  again  by  its 
gravity.  Thefe,  and  many  other  powers  in  nature,  have  an 
analogy  to  gravity,  but  extend  to  lefs  diftances,  and  obferve 
laws  fomewhat  different.  It  has  been  found  very  difficult  to 
account  for  them  mechanically.  For  this  purpofe,  fome  have 
imagined  certain  effluvia  to  proceed  from  bodies,  or  atmof- 
pheres  environing  them  ;  others  have  invented  vortices  ;  but 
all  their  attempts  have  hitherto  proved  unfatisfadory.  That 
fuch  powers  take  place  in  nature,  and  contribute  to  produce 
its  chief  phenomena,  is  mod  evident  ;  but  their  caufes  are 
very  obfcure,  and  hardly  acceffible  by  us.  In  all  the  cafes 
when  bodies  feem  to  ad  upon  each  other  at  a  diftance,  and 
tend  towards  one  another  without  any  apparent  caufe  impelling 
them,  this  force  has  been  commonly  called  attraEHon ;  and 
this  term  is  frequently  ufed  by  Sir  Ifaac  Newton.  But  he 
ffives  repeated  cautions  that  he  pretends  not,  by  the  ufe  ol 
this  term,  to  define  the  nature  of  the  power,  or  the  manner 
in  which  it  ads.  Nor  does  he  ever  affirm,  or  infinuate,  that 
a  body  can  ad  upon  another  at  a  diftance,  but  by  the  inter¬ 
vention  of  other  bodies.  It  is  of  the  utmoft  importance  in 
philofophy  to  eftabKfh  a  few  general  powers  in  nature,  upon 

unqueftionable  evidence,  to  determine  their  laws,  and  trace 

their 
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their  confequences,  however  obfcure  the  caufes  of  thofe 
powers  may  be  ;  and  this  he  has  done  with  great  fuccefs. 

1 6.  But  however  commodious  the  term  attraSUon  may  be, 
to  avoid  an  ufelefs  and  tedious  circumlocution,  yet  becaufe  it 
was  ufed  by  the  fchool-men  to  cover  their  ignorance,  the  ad- 
verfaries  of  Sir  Ifaac  Newton  s  philofophy  have  taken  an  un- 
juft  handle  from  his  ufe  of  this  term,  after  all  his  precautions, 
to  depreciate  and  even  ridicule  his  doctrines  ;  by  which  they 
only  convince  us  that  they  neither  underftand  them,  nor  have 
impartially  and  duely  confidered  them.  Mr.  Leibnitz  made 
ufe  of  this  fame  term,  in  the  fame  fenfe  with  Sir  Ifaac  Newton , 
before  he  fet  up  in  oppofition  to  him  ;  and  it  is  often  to  be 
met  with  in  the  writings  of  the  mold  accurate  philofophers, 
who  have  ufed  it  without  always  guarding  againft  the  abufe  of 
it,  as  he  has  done.  A  term  of  art  has  been  often  employed 
by  crafty  men,  with  too  much  luccefs,  to  raife  a  diflike  againft 
their  opponents,  and  miflead  the  unwary,  and  to  difguft  them 
from  enquiring  into  the  truth  ;  but  fuch  dilingenuity  is  un¬ 
worthy  of  philofophers.  No  writer  hath  appeared  againft  Sir 
Ifaac  Newton ,  of  late,  by  whom  this  argument,  tho1  altogether 
groundlefs,  is  not  infifted  on  at  great  length  ;  and  fometimes 
adorned  with  the  embellifhments  of  wit  and  humour ;  but 
if  the  reader  will  take  the  trouble  to  compare  their  de- 
fcriptions  with  Sir  Ifaac  Newton  s  own  account,  he  will  ealily 
perceive  how  little  it  was  minded  by  them  ;  and  that  the  fum 
of  all  their  art  and  {kill  amounts  to  this  only,  that  they  were 
able  to  expofe  a  creature  of  their  own  imagination.  Poffibly 
feme  unfkillful  men  may  have  fancied  that  bodies  might  at¬ 
tract  each  other  by  feme  charm  or  unknown  virtue,  without 
being  impelled  or  acted  upon  by  other  bodies,  or  by  any  other 
powers  of  whatever  kind  ;  and  feme  may  have  imagined 

that 
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that  a  mutual  tendency  may  be  eflential  to  matter,  tho  this 
is  directly  contrary  to  the  inertia  of  body  delcribed  above  ; 
but  furely  Sir  Jfaac  Newton  has  given  no  ground  for  charging 
him  with  either  of  thefe  opinions  :  he  has  plainly  fignifted  that 
he  thought  that  thofe  powers  arofe  from  the  impulfes  of  a 
fubtile  astherial  medium  that  is  diffufed  over  the  univerfe,  and 
penetrates  the  pores  of  groffer  bodies.  It  appears  from  his 
letters  to  Mr.  Boyle  *,  that  this  was  his  opinion  early  ; 
and  if  he  did  not  publifh  it  fooner,  it  proceeded  from  hence 
only,  that  he  found  he  was  not  able,  from  experiment  and 
obfervation,  to  give  a  latisfadory  account  of  this  medium,  and 
the  manner  of  its  operation,  in  producing  the  chief  pheno¬ 
mena  of  nature.  They  who  imagine  that  he  has  only  intro¬ 
duced  a  new  phrafe  or  two  into  philofophy,  without  any  real 
benefit,  may  be  eafily  fatisfied  of  their  miftakc,  if  they  will 
but  confider  with  what  evidence  he  has  refolved  the  chief  phe¬ 
nomena  of  the  fyftem  of  the  world  from  thole  powers  ;  how 
he  has  computed  the  quantity  of  matter  and  denfity  of  the 
fun,  and  of  feveral  of  the  planets,  from  them  ;  how  nearly 
he  lias  determined  the  motion  of  the  nodes  of  the  moon, 
from  its  caufe  ;  and  explained  many  of  her  irregularities,  and 
the  other  motions  of  the  fyftem.  But  we  have  infilled  upon 
this  perhaps  at  too  great  length  ;  for  as  no  philofopher  fcruples 
to  fay  that  the  magnet  attracts  iron,  and  that  eledric  bodies, 
when  their  virtue  is  raifed  by  fridion,  at  trad:  light  fubftances  ; 
it  muft  ,be  allowed  to  be  at  leaft  as  juftifiable  an  expreftion,  or 
even  more  unexceptionable,  to  fay  that  the  earth  attrads  heavy 
bodies  towards  it  ;  fince  all  of  them  defcend  towards  it  with 
forces  proportional  to  their  quantity  of  matter,  at  equal  dif- 
tanccs  from  it ;  and  this  power  extends  to  all  diftances,  varying 
according  to  a  certain  known  law. 

*  See  the  life  of  Mr.  Boyle  premifed  to  the  late  complete  edition  of  his  works. 
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CHAP.  II. 


Of  the  laws  of  motion ,  and  their  ge7teral  corollaries . 

1  •  ^  |  ^HE  firft  law  of  motion  is,  “  That  a  body  always 
“  perfeveres  in  its  ftate  of  reft,  or  of  uniform  mo- 
“  tion  in  a  right  line,  till  by  fome  external  influence  it  be 
“  made  to  change  its  ftate/’  That  a  body,  of  itfelf,  perfeveres 
in  its  ftate  of  reft,  is  matter  of  moft  common  and  general 
obfervation,  and  is  what  fuggefts  to  us  the  pafllve  nature  of 
body  :  but  that  it  likewife,  of  itfelf,  perfeveres  in  its  ftate  of 
motion,  as  well  as  of  reft,  is  not  altogether  fo  obvious,  and 
was  not  underftood,  for  fome  time,  by  philofophers  them- 
felves,  when  they  demanded  the  caufe  of  the  continuation 
of  motion.  It  is  eafy,  however,  to  fee  that  this  laft  is  as 
general  and  conftant  a  law  of  nature  as  the  firft.  Any  mo¬ 
tions  we  produce,  here  on  the  earth,  foon  languifh  and  at 
length  vanifh  ;  whence  it  is  a  vulgar  notion  that,  in  general, 
motion  diminifhes  and  tends  always  toward  reft.  But  this  is 
owing  to  the  various  refiftances  which  bodies  here  meet  with 
in  their  motion,  efpecially  from  fridion,  or  their  rubbing  up¬ 
on  other  bodies  in  their  progrefs,  by  which  their  motion  is 
chiefly  confumed.  For  when,  by  any  contrivance,  this  fric¬ 
tion  is  much  diminiihed,  we  always  find  that  the  motion  con¬ 
tinues  for  a  long  time.  Thus,  when  the  fridion  of  the  axis  is 
leflened  by  friction-wheels  applied  to  it,  and  turning  round 
with  it,  the  great  wheel  will  fometimes  continue  to  revolve  for 
half  an  hour.  And  when  a  brafs  topp  moves  on  a  very  final! 
pivot  on  a  glafs  plane,  it  will  continue  in  motion  very  fmoothly 
lor  a  great  number  of  minutes.  A  pendulum,  fufpended  in 
an  advantageous  manner,  will  vibrate  for  a  meat  while,  not- 
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withftanding  the  refiftance  of  the  air.  Upon  the  whole,  it 
appears,  that,  if  the  friction  and  other  refinances  con  lei  be 
taken  quite  away,  the  motions  would  be  perpetual.  But  what 
fets  this  in  the  cleareft  light,  is,  that  a  body  placed  on  the 
'  deck,  or  in  the  cabin,  of  a  fhip,  continues  there  at  reft  while 
the  motion  of  the  fhip  remains  uniform  and  fteady  ;  and  the 
fame  holds  of  a  body  that  is  carried  along  in  any  fpace  that 
has,  itfelf,  an  uniform  motion  in  a  right  line.  4^or  if  a  body 
in  motion  tended  to  reft,  that  which  is  in  the  cabin  of  a  fhip 
ought  to  fall  back  towards  the  ftern,  which  would  appear  as 
furprizing,  when  the  motion  of  the  fhip  is  uniform  and  fteady, 
as  if  the  body  fhould,  of  itfelf,  move  towards  the  ftern  when 
the  fhip  is  at  reft.  It  is  for  this  reafon  that  the  uniform  mo¬ 
tion  of  the  earth  upon  its  axis  has  no  effedt  on  the  motion  of 
bodies  at  the  furface  ;  that  the  motion  of  a  fhip  carried  away 
with  a  current  is  infenfible  to  thofe  in  the  fhip,  unlefs  they 
have  an  opportunity  to  difcover  it  by  objects  which  they  know 
to  be  fixed,  as  the  fhores,  and  the  bottom  of  the  fea,  or  by 
aftronomical  obfervations  ;  and  that  the  motions  of  the  planets 
and  comets,  in  the  free  celeftial  fpaces,  require  no  new  im- 
pulfes  to  perpetuate  them. 

2.  It  is  a  part  of  the  fame  law,  that  a  body  never  changes 
the  direction  of  its  motion,  of  itfelf,  but  by  fome  external  in¬ 
fluence  only  ;  and  it  is  as  natural  a  confequence  of  the  paflive 
nature  of  body,  as  that  it  never  changes  its  velocity  of  itfelf. 
As  body  has  no  felf-motive  power,  or  fpontaneity,  if  it  was 
to  change  its  diredfion,  how  could  it  determine  itfelf  to  any  one 
diredfion  rather  than  to  another  ?  This  part  of  the  law  is  like- 
wife  confirmed  by  conftant  experience.  If  upon  any  fmooth  plane 
a  globe  of  an  uniform  texture  be  projected,  it  proceeds  always  in 
a  right  line,  without  turning  to  either  fide,  till  its  motion  be 
extinguifhed  by  the  fridfion  of  the  plane  and  refiftance  of  the 

air 
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air.  It  is  true,  that,  in  certain  cafes,,  a  ball  proceeds  upon  a 
billiard  table  firft  in  a  right  line,  and,  afterwards,  returns  of 
itfelf  a  little  way  in  the  fame  right  line  ;  but  this  ariies  from 
the  ball’s  having  a  motion  upon  its  axis,  with  a  direction  con¬ 
trary  to  that  of  its  progrelfive  motion  on  the  table ;  which, 
when  the  progreflive  motion  is  deftroyed  by  the  friction,  brings 
the  ball  back  again,  till  this  motion  is  like  wife  deftroyed  by 
the  fame  friction.  When  a  ball  is  projected  in  the  air,  its  gra¬ 
vity  indeed  bends  its  motion  into  a  curve,  but  it  continues  to 
move  in  the  plane  of  its  firft  projection  perpendicular  to  the 
horizon,  without  turning  to  either  fide  of  that  plane  ;  unlefs 
in  feme  cafes,  when,  becaufe  of  its  motion  upon  its  axis,  the  re¬ 
action  of  the  air  makes  it  deviate  fomewhat  from  it.  If  bodies 
changed  the  direction  of  their  motion  of  themfelves,  they  could 
not  continue  at  reft  in  a  fpace  that  is  carried  uniformly  forward 
in  a  right  line  ;  as  they  are  always  found  to  do.  As  body, 
therefore,  is  paftive  in  receiving  its  motion  and  the  direction  of 
its  motion,  fo  it  retains  them  or  perfeveres  in  them,  without 
any  change,  till  it  be  aCted  upon  by  fomething  external.  This 
law  is  now  generally  received  upon  the  beft  evidence,  but  was 
not  clearly  underftood  even  fo  lately  as  in  Kepler  s  time,  as 
appears  by  the  account  we  gave  of  his  doCtrines  in  the  firft 
book.  From  this  law  it  appears,  why  we  enquire  not,  in  phi- 
lofophy,  concerning  the  caufe  of  the  continuation  of  the  reft 
of  bodies,  or  of  their  uniform  motion  in  a  right  line..  But  if 
a  motion  begin,  or  if  a  motion  already  produced  is  either  ac¬ 
celerated  or  retarded,  or  if  the  direction  of  the  motion  is 
altered,  an  enquiry  into  the  power  or  caufe  that  produces  this 
change  is  a  proper  fubjeCt  of  philofophy  :  the  chief  buftnefs  of 
which  (as  Sir  Ifaac  Newton  obferves)  is  to  difcover  the  powers 
that  produce  any  given  motions  ;  or,  when  the  powers  are 
given,  to  trace  the  motions  that  are  produced  by  them. 


3,  The 


Chap.  2.  PHILOSOPHICAL  DISCOVERIES.  nj 

f  • 

3.  The  fecond  general  law  of  motion  is,  £C  that  the  change 
“  of  motion  is  proportional  to  the  force  impreffed,  and  is  pro- 
«  duced  in  the  right  line  in  which  that  force  ads.”  Thus 
when  a  motion  is  accelerated,  as  that  of  a  heavy  body  defend¬ 
ing  in  the  vertical  line,  the  acceleration  is  proportional  to  the 
power  that  ads  upon  the  body.  If  a  body  defcend  along  an 
inclined  plane,  the  acceleration  of  the  motion  along  the  plane 
is  proportional  not  to  the  total  force  of  gravity,  but  to  that 
part  only  which  ads  in  the  diredion  of  the  plane,  as  will 
better  appear  when  we  come  to  treat  of  the  refolution  of  mo¬ 
tion.  When  a  fluid  ads  upon  a  body,  as  water  or  air  upon 
the  vanes  of  a  mill,  or  wind  upon  the  fails  of  a  fhip,  the  ac¬ 
celeration  of  the  motion  is  not  proportional  to  the  whole  force 
of  thofe  fluids,  but  to  that  part  only  which  is  impreffed  upon 
the  vanes  or  fails,  which  depends  upon  the  excefs  of  the  ve¬ 
locity  of  the  fluid  above  the  velocity  which  the  vane  or  fail 
has  already  acquired  :  for  if  the  velocity  of  the  fluid  be  only 
equal  to  the  velocity  of  the  vane  or  fail,  it  juft  keeps  up  with 
it,  but  has  no  effed  either  to  advance  or  retard  its  motion. 

It  is,  at  the  fame  time,  of  the  utmoft  importance  to  have 
regard  to  the  diredion  in  which  the  force  is  impreffed,  in 
order  to  determine  the  change  of  motion  produced  by  it.  It 
would  be  very  erroneous  to  fuppofe  that  the  acceleration  of  the 
motion  of  a  fhip,  in  the  diredion  in  which  fhe  fails,  is  pro¬ 
portional  to  the  force  impreffed  when  it  ads  obliquely  upon 
the  fail,  or  when  the  pofltion  of  the  fail  is  oblique  to  the  di- ; 
redion  in  which  the  fhip  moves.  The  change  of  her  motion 
is  firft  to  be  eftimated  in  the  diredion  of  the  force  impreffed, 
and  thence,  by  a  proper  application  of  mechanical  and  geo¬ 
metrical  principles,  the  change  of  the  motion  of  the  fhip  in¬ 
ker  own  diredion  is  to  be  derived.  When  gravity  or  any 
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centripetal  force,  ads'  upon  a  body  moving  with  a  diredion 
oblique  to  the  right  line  drawn  from  it  to  the  centre,  the 
change  of  its  motion  is  not  proportional  to  the  whole  centri¬ 
petal  force  which  ads  upon  it,  but  to  that  part  only,  which, 
after  a  juft  refolution  of  the  force,  is  found  to  ad  in  the  di- 
redion  of  its  motion.  It  appears  from  thefe  inftances,  of  how 
extenftve  an  ufe  thefe  general  laws  are  in  the  dodrine  of 

motion. 

4.  The  third  general  law  of  motion  is,  <c  that  a&ion  and  re- 
cc  aSllon  are  equal  with  oppofite  directions,  and  are  to  be 
«  eftimated  always  in  the  fame  right  line.”  Body  not  only 
never  changes  its  ftate  of  itfelf,  but  refills,  by  its  inertia  r 
a^ainft  every  aCtion  that  produces  a  change  in  its  motion. 
Whe$  two  bodies  meet,  each  endeavours  to  perfevere  in  its. 
ftate  and  refills  any  change  ;  and,  becaufe  the  change  which  is 
produced  in  either  may  be  equally  mealured  by  the  aCtion 
which  it  exerts  upon  the  other,  or  by  the  refiftance  which  it 
meets  with  from  it,  it  follows  that  the  changes  produced  in  the 
motions  ot  each  are  equal,  but  are  made  in  contrary  directions. 
The  one  acquires  no  new  force  but  what  the  other  lofes  in  the 
fame  direction  ;  nor  does  this  laft  lofe  any  force  but  what  the 
other  acquires  j  and,  hence,  tho  by  their  colhlions,  motion 
paffes  from  the  one  to  the  other,  yet  the  fum  of  their  motions, 
eftimated  in  a  given  direction,  is  prefeived  the  lame,  and  is  un¬ 
alterable  by  their  mutual  aCtions  upon  each  other.  In  collecting 
this  fum,  motions  that  have  contrary  directions  are  to  be  af- 
feCted  with  contrary  figns  ;  a  motion  eaftward  is  contrary  to 
a  motion  weft  ward  ;  fo  that  if  the  motions  are  fu  mined  up  as 
having  a  weftern  direction,  a  motion  eaftward  is  to  be  con- 
fidered  as  negative,  or  to  be  fubduded  from  the  reft.  In  this 
manner,  this  law  ferves  to  render  the  firft;  law  more  general, 
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and  to  extend  it  to  any  number  of  bodies ;  for  as,  by  the  firft 
law,  a  body  perleveres  in  its  date  of  red,  or  of  uniform 
rectilinear  motion,  till  fome  external  induence  affedt  it ;  fo  it 
follows  from  this  law,  “  that  the  fum  of  the  motions  of  any 
«  number  of  bodies,  edimated  in  a  given  diredtion,  perfeveres 
a  the  fame  in  their  mutual  addons  and  collidons,  till  fome  ex- 
«  ternal  induence  didurb  them.” 

5.  The  truth  of  this  third  law  appears  from  manifold  ex¬ 
periments,  in  the  collidons  of  bodies  of  all  kinds.  But  the 
meaning  of  it  feems  to  have  been  midaken,  in  feveral  in¬ 
dances,  by  ingenious  men ;  which  it  is  necedary  for  us  to 
guard  againd.  They  who  maintain  the  new  opinion  con¬ 
cerning  the  forces  of  bodies,  meafuring  them  by  the  com¬ 
pounded  proportion  of  the  quantity  of  matter  and  the  fquare 
of  the  velocity,  found  it  impoffible  to  explain  the  adtions  and 
collidons  of  bodies  of  a  perfect  hardnefs,  void  of  all  eladicity, 
confidently  with  this  dodtrine.  Therefore,  in  order  to  get  rid 
of  them,  fome  pretended  that  it  is  abfolutely  impodible  fuch 
bodies  fliould  exid,  upon  grounds  the  weaknefs  ot  which  was 
fhewn  in  the  drd  book  ;  while  others  contented  themfelves 
with  obferving  that  they  knew  of  no  fuch  bodies  in  nature, 
and  thought  this  a  diffident  excufe  for  giving  no  account  of 
their  collidons  ;  tho’  at  the  dime  time  they  treated  largely  oi 
bodies  of  a  perfedt  eladicity,  none  of  which  are  to  be  met 
with  in  nature  ;  and  we  have  much  better  reafon  to  conclude 
that  there  are  bodies  of  a  perfedt  hardnefs,  than  of  a  perfedt 
eladicity  ;  becaufe  we  cannot  but  fuppofe  the  ultimate  elemen¬ 
tary  particles  of  bodies  that  are  void  of  all  pores, .  or  atoms, 
to  be  perfedtly  hard  or  indexible,  fo  as  not  to  yield  in  the  or¬ 
dinary  adtions  and  collidons  of  bodies.  But  after  all  this  art  in 
fcreening  their  favourite  opinion,  the  difficulty  dill  recurred 
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in  explaining  the  collilions  of  foft  bodies  ;  and  fome  farther 
new  invention  was  requilite  to  reconcile  the  phenomena  with 
their  dodrine.  For  if  a  foft  body,  with  the  velocity  uy  ftrikes 
another  equal  quiefcent  foft  body,  they  will  proceed  as  in  one 
mafs  with  the  velocity  \  //,  dividing  the  motion  of  the  firft 
body  equally  between  them,  in  confequence  of  the  third  ge¬ 
neral  law  of  motion.  According  to  the  new  opinion,  the 
force  of  the  firft  body  before  the  ftroke  was  u  u,  the  force  of 
each  of  them  after  the  ftroke  is  \  u  x  \u  or  \  u  u ;  and  the 
fum  of  their  forces  after  the  ftroke  is  \  u  u  ;  fo  that  the  fum 
of  the  forces,  after  the  ftroke,  is  only  one  half  of  what  it  was 
before  the  ftroke,  while  the  quantity  of  motion  is  preferved 
the  fame  as  it  was,  without  any  change.  Now  the  difficulty 
was,  how  to  account  for  the  lofs  of  one  half  of  the  force  of  the 
firft  body  in  the  ftroke  :  for  this  purpofe,  they  advanced, 
without  any  other  proof,  this  new  dodrine,  that  when  the  parts 
of  foft  bodies  yield  without  reftoring  themfelves,  being  void  of 
elafticity,  a  certain  quantity  of  force  is  loft  in  the  compreffion 
of  their  parts  by  the  collifion  ;  whereas  we  know  no  way  by 
which  force  is  loft  in  one  body,  but  by  its  being  communicated 
to  another.  The  parts  of  foft  bodies  are  indeed  moved  out  of 
their  places,  in  the  collifion,  and  fome  motion  is  loft  in  the 
firft  body  by  being  communicated,  in  this  manner,  to  the 
parts  of  the  fecond  ;  but  thefe  parts  cannot  lofe  this  motion 
otherwife  than  by  communicating  it  to  other  parts,  or  by  its 
accruing  to  the  whole  body ;  fo  that  there  is  no  juft  reafon  for 
fuDpofing  that  any  motion  or  force  is  loft  in  flattening  or  hol¬ 
lowing  of  foft  bodies,  in  their  colliflons ;  and  this  new  tenet 
is  invented  merely  to  ferve  a  particular  purpofe. 

6.  The  mod  learned  and  fkillful  advocate  for  the  new 
dodrine  appears  to  have  greatly  miftaken  this  third  law  of 

motion, 
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motion,  when  he  tells  us  that  the  prefervation  of  the  fum  of 
the  abfolute  motions  of  bodies,  in  their  collilions,  is  fo  im¬ 
mediate  a  confequence  of  the  equality  of  aElion  and  rea&ion , 
that  to  endeavour  to  prove  it  would  only  render  it  more 
obfcure,  the  augmentation  or  diminution  of  the  force  of  the 
One  (fays  he)  being  the  neceffary  confequence  of  the  diminution 
or  augmentation  of  the  force  of  the  other.  Nov/  it  is  plain 
that  this  third  law  of  motion  is  general,  extending,  to  bodies 
of  all  kinds  ;  and  it  is  well  known  that  when  foft  bodies  meet 
in  oppofite  directions,  the  fum  of  their  abfolute  motions  or 
forces  is  diminifhed  ;  and  when  the  bodies  are  equal,  and  their 
velocities  likewife  equal,  it  is  totally  deftroyed  by  their  col- 
lilion.  It  is  not  the  fum  of  the  abfolute  motions  or  forces  of 
bodies,  but  this  fum  eftimated  in  a  given  direction,  that  is  pre- 
ferved  unaltered  in  their  collilions,  in  confequence  of  this  third 
law  of  motion  :  nor  can  the  prefervation  of  the  fum  of  the 
abfolute  forces  of  any  fort  of  bodies  be  conlidered  as  an  imme¬ 
diate  confequence  of  it.  On  the  contrary,  the  fum  of  the  ab¬ 
folute  motions  of  even  perfedly  elaftic  bodies  is  fometimes  in- 
creafed,  and  in  fome  cafes  diminifhed,  by  their  collilions  ; 
fo  that  a  proof  was-  neceffary  that  the  fum  of  their  abfolute 
forces  (in  whatever  manner  thofe  forces  are  meafured)  is  preferved 
unalterable,  in  their  collifion  ;  efpecially  fince  this  fum*  ac¬ 
cording  to  his  own  doctrine,  undergoes  an  infinite  variety  of 
changes,  during  the  fmall  time  in  which  the  bodies  aCt  upom 
each  other,  while  the  parts  firft  yield.*  and.  then  reftore  them- 
felves  to  their  former  {Situations. 

7.  The  Lime  philofophers  mifiake  this  third  lav;,  or  a  moll 
effential  part  of  it,  when  they  meafure  aCtion  and  reaction  on 
different  right  lines.  In  a  celebrated  argument  which  they  ad¬ 
vance  for  their  new  doctrine  concerning  the  forces  of  bodies,, 
and  which  is  much  applauded  by  thofe  who  favour  it,  they 
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flrevv  that  a  body  with  a  velocity  as  2,  is  able  to  bend  and  over¬ 
come  the  refinance  of  four  fprings,  one  of  which  alone  is 
equivalent  to  the  force  of  the  fame  body  moving  with  a  velo¬ 
city  as  i  ;  from  which  they  infer  that,  in  the  former  cafe,  the 
force  is  quadruple,  tho  the  velocity  be  only  double  of  what  it 
is  in  the  latter  cafe.  In  like  manner,  becaufe  a  body  moving 
with  a  velocity  proportional  to  the  diagonal  of  the  rectangle  is 
able  to  ballance  the  refiftance  of  two  fprings  proportional  to 
the  {ides  of  the  fame  redangle,  they  thence  infer  that  the  force 
of  a  body  moving  with  a  velocity  as  the  diagonal  is  equal  to 
the  fum  of  the  forces  of  two  bodies  moving  with  velocities 
proportional  to  the  fides  of  the  redangle  ;  and,  becaufe  the 
fquare  of  the  diagonal  is  equal  to  the  fum  of  the  fquares  of  the 
two  fides,  they  thence  infer  that  the  forces  of  equal  bodies  are 
as  the  fquares  of  their  velocities.  But  in  all  thefe  arguments 
(which  are  the  mod  plaufible  of  any  that  have  been  offered 
for  their  new  dodrine,  and  are  moll:  apt  to  miflead  their  rea¬ 
ders)  they  do  not  confider  that  the  force  which  one  body  lofes, 
in  ading  upon  another,  is  not  equal  to  that  which  it  produces 
or  deftroys  in  the  other,  eftimated  in  any  diredion  at  pleafure, 
but  in  that  only  in  which  the  firff  body  ads  ;  and  that  body, 
in  confequence  of  its  mertia ,  not  only  refills  any  change  in  its 
quantity  of  motion,  but  likewife  any  change  in  the  diredion  of 
its  motion.  If  any  planet  revolves  in  a  circle,  the  gravity  of  it 
towards  the  centre  is  employed,  during  the  whole  revolution,  in 
changing  the  diredion  of  its  motion  only,  without  producing 
the  leaft  augmentation  or  diminution  of  the  motion  itfelf. 
But  thefe  things  will  more  eafily  appear  after  we  have  treated 
of  the  composition  and  refolution  of  motion  :  we  only  ob- 
ferve  here,  that,  in  order  to  fupport  their  favourite  dodrine, 
they  embarrafs  the  plain,  ffmple  and  beautiful  theory  of  motion, 
in  fome  cafes  by  negleding  the  time,  and  in  others  by  con¬ 
founding 
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founding  the  diredtions  in  which  bodies  adt  upon  each  other, 
or  upon  fprings  ;  while  all  the  the  valuable  confequences 
which  they  pretend  to  draw  from  this  dodtrine  follow  more 
naturally,  and  in  a  fatisfadtory  manner  only,  from  the  laws  of 
motion  rightly  underftood  and  applied. 

8.  Our  author’s  firft  corollary,  from  the  laws  of  motion,  is, 
that  when  a  body  is  adted  upon  by  two  forces  at  the  fame 
time,  it  will  defcribe  the  diagonal,  by  the  motion  refulting 
from  their  compofition,  in  the  fame  time  that  it  would  de¬ 
fcribe  the  fides  of  the  parallelogram  by  thofe  forces  adting  fe- 
.parately.  Let  the  body  a  [Fig.  2.)  have  a  motion  in  the  di- 
redtion  ab,  reprefented  by  the  right  line  ab,  at  the  fame  time 
let  another  motion  be  communicated  to  it  in  the  diredtion  A  d, 
reprefented  by  the  right  line  a  d  ;  complete  the  parallelogram 
a  b  c  d  ;  and  the  body  will  proceed  in  the  diagonal  a  c,  and 
defcribe  it  in  the  fame  time  that  it  would  have  defcribed  the 
fide  ab  by  the  firft  motion,  or  the  fide  ad  by  the  fecond.  To 
underftand  our  author’s  demonftration  of  this  corollary,  we 
muft  premife  this  obvious  principle,  that  when  a  body  is  adted 
upon  by  a  motion  or  power  parallel  to  a  right  line  given  in 
polition,  this  power  or  motion  has  no  effect  to  caufe  the  body 
to  approach  towards  that  right  line  or  recede  from  it,  but  to 
move  in  a  line  parallel  to  that  right  line  only  ;  as  appears  from 
the  fecond  law  of  motion.  Therefore  ad  being  parallel  to  bc,j 
the  motion  in  the  diredtion  a  d  has  no  efiedt  in  promoting  or 
retarding  the  approach  of  the  body  a  towards  the  line  b  c  ; 
confequently  it  will  arrive  at  this  line  bc  in  the  fame  time  as  if 
the  firft  motion  a  b  only  had  been  impreft  upon  it.  In  like 
manner,  becaufe  a  b  is  parallel  to  d  c,  the  motion  a  b  has  no 
effedt  in  promoting  or  retarding  the  approach  of  the  body  a 
towards  the  line  d  c  ;  confequently  it  will  arrive  at  the  line 
dc  in  the  fame  time  as  if  the  motion  ad  only  had  been  im- 
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prcffed  upon  it.  Therefore  the  body  a  will  arrive  at  both  the 
lines  bc  and  dc  in  the  fame  time,  that,  by  the  firft  motion 
alone,  it  would  have  defcribed  ab,  or,  by  the  fecond  alone, 
it  would  have  defcribed  ad.  But  it  can  arrive  at  both  the 
lines  b  c  and  d  c  no  other  way  than  by  coming  to  tneir  inter- 
fedion  c:  therefore,  when  the  two  motions  ab  and  ad  are 
impreft  upon  it  at  once,  it  moves  from  a  to  c,  and  defcribes  the 
diagonal  a  c,  in  the  fame  time  that,  by  thefe  motions  acting 
feparately,  it  would  have  defcribed  the  lides  ab  and  ad. 

g.  Becaufe  this  corollary  is  of  very  extend ve  ufe,  it  may  be 
worth  while  to  illuftrate  it  farther.  Suppofe  (Fig.  3.)  the  fpace 
efgh  to  be  carried  uniformly  forward  in  the  diredion  ab,. 
and  with  a  velocity  reprefented  by  a  b.  Let  a  motion,  in  the 
diredion  ad,  and  meafured  by  the  right  line  ad,  be  impreft 
upon  the  body  a  in  the  fpace  e  f  g  h.  To  thofe  who  are  in.  this 
fpace,  the  body  a  will  appear  to  move  in  the  right  line  a  d  ; 
but  its  real  or  abfolute  motion  will  be  in  the  diagonal  a  c  of 
the  parallelogram  abcd;  and  it  will  defcribe  ac  in  the  fame 
time  that  the  fpace  by  its  uniform  motion,  or  any  point  of  it,, 
is  carried  over  a  right  line  equal  to  a  b,  or  that  the  body  a,  by 
its  motion  acrofs  the  fpace,  defcribes  ad.  F01  it  is^manifeft 
that  the  line  a  d,  in  confequence  of  the  motion  of  the  fpace, 
is  carried  into  the  fituation  b  c,  and  the  point  Dtoc;  fo  that 
the  body  a  really  moves  in  the  diagonal  ac. 

jq(  The  converfe  of  this  corollary  is,  thaL  the  motion  m 
the  diagonal  a  c  may  be  refolved  into  the  motions  in  the  fides 
of  the  parallelogram  ab  and  ad.  For  it  is  manifbft  that  if 
(Fig.  4-)  Aitbe  taken  equal  to  ad  with  an  oppoftte  diredion, 
and  the  parallelogram  akbc  be  compleated,  the  rignt  line  ab 
fhall  be  the  diagonal  of  this  parallelogram  ;  confequently,  by 

the  two  laft  articles,  the  motion  ac  compounded  with  the 
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motion  ak  equal  and  oppolite  to  the  motion  a  d,  produces  the 
motion  a  b  ;  that  is,  if  from  the  motion  a  c,  in  the  diagonal, 
you  fubduCt  the  motion  ad  in  one  of  the  lides,  theie  will  re¬ 
main  the  motion  ab  in  the  other  fide  of  the  parallelogram 

ABCD. 

1 1 .  This  doCtrine  will  receive  farther  illuftration  by  refolving 
each  of  the  motions  a  b  and  a  d  into  two  motions,  one  in  the 
direction  of  the  diagonal  a  c  and  the  other  in  the  direction  per¬ 
pendicular  to  it  ;  that  is,  by  refolving  [Fig.  5.)  the  motion  a  b 
into  the  motions  am  and  an,  and  motion  ad  into  the  motions 
ak  and  al.  For  the  triangles  adk  and  bcm  being  equal  and 
fimilar,  d  k  is  equal  to  b  m,  or  a  l  to  a  n  ;  fo  that  the  motions 
a  l  and  a  n,  being  equal  and  oppolite,  they  deftroy  each  others 
effect  :  and  it  being  an  obvious  and  general  principle,  that 
the  motion  of  a  body  in  a  right  line  is  no  way  affeded  by 
anv  two  equal  powers  or  motions  that  a6t  in  directions  per¬ 
pendicular  to  that  line,  and  oppolite  to  each  other,  it  thus 
appears  how  the  body  a  is  determined  to  move  in  the  diagonal 
AC;  and,  becaufe  ak  is  equal  to  mc,  it  appears  how  the  re¬ 
maining  motions  a  m  and  a  k  are  accumulated  in  the  direcdon 
ac,  fo  as  to  produce  a  motion  meafured  by  a  c.^  It  appears 
likewife  how  abfolute  motion  is  loft  in  the  compolition  oi  mo¬ 
tion  ;  for  the  parts  of  the  motions  a  b  and  a  d  that  are  tcpre- 
lented  by  an  and  al,  being  equal  and  oppolite,  deftroy  each 
others  elfed:,  and  the  other  parts  a  m  and  ak,  only,  remain  in 
the  direction  of  the  compounded  motion  ac  :  while,  on  uk 
contrary,  in  the  refolution  of  motion,  the  quantity  of  ablolute 
motion  is  increaled,  the  him  of  the  motions  a  b  and  a  d,  01 
bc,  being  greater  than  the  motion  ac.  But  the  ium  o  1  tiie 
motions,  eftimated  in  a  given  direction,  is  no  way  affected  by 

the  compofition  or  refolution  of  motion,  or  indeed  by  any 
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anions  or  influences  of  bodies  upon  each  other*  that  are  equal 
and  mutual  and  have  oppolite  directions. 

For  fuppofe  that  (Fig.  6.)  the  motions  are  to  be  eflimated  in 
the  direction  a  p  ;  let  cp,  br,  dql,  be  perpendicular  to  this  di¬ 
rection  in  the  points  p,  r  and  cl;  then  the  motions  ac,  a  b, 
ad,  reduced  to  the  direction  a  p,  are  to  be  eflimated  by  ap,  a  r 
and  ACLrefpeCtively,  the  parts  which  are  perpendicular  to  ap 
having  no  efleCt  in  that  direction.  Let  ap  meet  bc  in  s  ;  then 
becaufe  rp  is  to  sp,  as  bc  (or  a  d)  to  cs,  that  is,  as  a o^to  s  p, 
it  follows  that  a  cl  is  equal  to  rp,  and  that  ar+aq  is  equal  to 
a  p  ;  that  is,  that  the  fum  of  the  motions  a  b  and  a  d,  reduced 
to  any  given  direction  a  p,  is  equal  to  the  compounded  motion 
ac  reduced  to  the  fame  direction.  From  which  it  is  obvious, 
that,  in  general,  when  any  number  of  motions  are  com¬ 
pounded  together,  or  are  refolved  according  to  this  general 
corollary,  the  fum  of  their  motions  continues  invariably  the 
fame,  till  feme  foreign  influence  afleCts  them. 

12.  The  ufefulnefs  of  the  fame  corollary  has  induced  authors 
to  invent  other  demonftrations  for  the  farther  illuflration  of  it. 
We  fhall  only  add  a  proof  of  the  flmpleft  cafe,  when  the 
motions  a  b  and  a  d  are  equal,  and  the  angle  b  a  d  is  a  right  one ; 
in  this  cafe  abcd  (Fig.  7,  8.)  is  a  fquare,  and  the  diagonal 
ac  bifeCts  the  angle  bad  ;  and,  becaufe  the  powers  and  mo¬ 
tions  of  ad  and  a  b  are  equal,  and  there  can  be  no  reafon  why 
the  direction  of  the  compounded  power  or  motion  fhould  in¬ 
cline  to  one  of  thefe  more  than  to  the  other,  it  is  evident  that 
its  direction  muft  be  in  the  diagonal  a  c  ;  and  that  the  com¬ 
pounded  power  or  motion  is  meafured  by  ac  appears  in  the  fol¬ 
lowing  manner.  If  it  is  not  meafured  by  a  c,  firft  let  it  be 
meafured  by  any  right  line  a  e  lefs  than  a  c  ;  join  b  d  interfering 
a  c  in  k,  upon  a  c  take  a  m  greater  than  a  k,  in  the  fame  pro- 
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portion  that  a  c  is  greater  than  a  e  ;  thro’  the  point  m  draw  the 
right  line  f  g  parallel  to  bd,  meeting  ad  in  g  and  ab  in  f  ; 
compleat  the  parallelograms  amgh  and  amfn:  then  becaufe 
thefe  parallelograms  are  fquares  as  well  as  abcd,  and  ad  is  to 
a g,  as  a  k  to  a m,  that  is  as  ae  to  ac  ;  and  ab  to  af  in  the 
fame  proportion  ;  and  becaufe  a  e  is  fuppofed  to  be  the  power 
or  motion  compounded  from  ab  and  ad,  it  follows  that  the 
power  or  motion  a  d  may  be  fuppofed  to  be  compounded  from 
the  powers  or  motions  am  and  ah,  and  ab  from  a  m  and  an. 
But  a  h  and  a  n,  aCting  equally  with  oppofite  directions,  de- 
ftroy  each  others  effeCt  ;  fo  that  it  would  follow  that  the  re¬ 
maining  powers  or  motions  am  +  am  [i.  e.  2am)  which  are  ac-^ 
cumulated  in  the  direction  of  the  diagonal  a  c,  ought  to  be 
equal  to  ae;  which  is  abfurd,  for  a  m  is  greater  than  a  k  by 
the  conftruCtion,  and  2  am  greater  than  2  a  k  or  ac,  which  is 
fuppofed  to  be  greater  than  a  e.  In  like  manner,  it  is  fhewn 
[Fig.  8.)  that  the  compounded  power  or  motion,  in  the  dia¬ 
gonal  ac,  is  not  meafured  by  a  right  line  greater  than  ac  ;  and 
therefore  it  is  meafured  precifely  by  the  diagonal  a  g  itfelf 

1 3 .  The  date  of  any  fyftem  of  bodies,  as  to  motion  or  reft, 
is  judged  by  that  of  their  centre  of  gravity,  in  the  mod 
fimple  and  convenient  manner.  In  a  regular  body  of  a  ho¬ 
mogeneous  texture,  the  centre  of  gravity  is  the  fame  with  the 
centre  of  magnitude  ;  and,  in  general,  it  is  that  point  of  an 
heavy  body,  which  being  fuftained  the  body  is  in  confequence 
it  felf  fuftamed.  In  two  equal  bodies  it  is  in  a  right  line  join¬ 
ing  their  centres,  at  equal  diftances  from  both  :  when  the 
bodies  are  unequal,  it  is  nearer  to  the  greater  body,  in  propor¬ 
tion  as  it  is  greater  than  the  other  :  or  its  diftances  from  their 
centres  are  inverfely  as  the  bodies.  Let  a  [Fig.  9.)  be  greater 
than  b,  join  ab,  upon  which  take  the  point  c,  fo  that  ca  may 
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be  to  cb,  as  the  body  b  is  to  the  body  A,  or  that  axca  may  be 
equal  to  bxcb,  then  is  c  the  centre  of  gravity  of  the  bodies 
a  and  b  ;  and  we  fiiall  afterwards  fhew,  that  if  A  and  b  be 
joined  by  an  inflexible  rod  A  b  void  of  gravity,  and  the  point 
c  >  be  fuftained,  then  the  bodies  A  and  b  fhall  be  in  ezquilibrio . 
If  the  centre  of  gravity  of  three  bodies  be  required,  firft  find 
c  the  centre  of  gravity  of  a  and  b,  and  fuppofing  a  body  to  be 
placed  there  equal  to  the  fum  of  a  and  b,  find  g  the  centre  of 
gravity  of  it  and  d  ;  then  (hall  g  be  the  centre  of  gravity  of 
the  three  bodies  a,  b,  and  d  :  in  like  manner,  the  centre  of 
gravity  of  any  number  of  bodies  is  determined. 

14.  The  fum  of  the  produds  arife  by  multiplying  the 
bodies  by  their  refpedive  diftances  from  a  right  line,  or  plane, 
given  in  pofition,  is  equal  to  the  product  of  the  fum  of  the 
bodies  multiplied  by  the  diftance  of  their  centre  of  gravity  from 
the  fame  right  line  or  plane,  when  all  the  bodies  are  on  the 
fame  fide  of  it :  but  when  fome  of  them  are  on  the  oppofite 
fide,  their  produces  when  multiplied  by  their  refpedive  diftances 
from  it  are  to  be  confidered  as  negative,  or  to  be  fubduded. 
Let  1  l  [Fig.  10.)  be  the  right  line  given  in  pofition,  c  the  centre 
of  gravity  of  the  bodies  A  and  b,  a  <2,  b<£,  c  c  perpendiculars 
to  il  in  the  points  a ,  />,  c  ;  then  if  the  bodies  a  and  b  be  on 

the  fame  fide  of  il,  we  fhall  find  axa^4bxb^=a  +  bxcc. 
For  drawing  thro’  c  the  right  line  mn  parallel  to  i  l,  meeting 
a  a  in  m,  and  b  b  in  n,  we  have  a  to  b,  as  b  c  to  ac,  by  the 
property  of  the  centre  of  gravity  ;  and  confequently  a  to  b, 
as  bn  to  am,  or  axam  — bxbn  ;  but  A XA^4B XB^=AXCC+A X 

AM+BXCt- BX  BN  =  A  XCC+BX CC  =  A  +  BXCA 

When  (Fig.  1 1 .)  b  is  on  the  other  fide  of  the  right  line  1  l, 
and  c  on  the  fame  fide  with  a,  then  axa«-bxb^=axcc-!-ax 

am-bxbn  +  bxcc  - A+i x c c  :  and  when  the  fum  of  the  pro- 

duds 
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duds  of  the  bodies  on  one  fide  of  1  l  multiplied  by  their  dis¬ 
tances  from  it,  is  equal  to  the  fum  of  the  produds  of  tne  bodies 
multiplied  by  their  diftances  on  the  other  fide  of  1  l,  then  c  c 
vanifhes,  or  the  common  centre  of  gravity  of  all  the  bodies 
falls  on  this  right  line  il. 

15.  Suppofe  now  the  bodies  a  and  b  to  proceed  in  the  right 
lines  ad  and  be,  {Fig.  12.)  and  when  they  come  to  d  and  e 
their  common  centre  of  gravity  to  be  found  in  g  :  let  d  Eey 
g g  be  perpendiculars  to  il,  in  d,  ey  g  ;  let  dm,  e  n,  gk,  parallel 
to  il,  meet  a ay  b b,  cc,  refpedively,  in  the  points  m,  n,  k.  By 

the  laft  article,  x  i>d+  bx  e^-A+bxg^  ;  and,  fubduding  this 
from  the  equation  in  the  preceding  article,  viz.  axa^+bxb^ 

— A+Bxcf,  then  axam+bxbn=aTbxck.  By  proceeding  in 

the  fame  manner  it  will  appear  that  axde+bxen=a+bxgk. 
The  motions  of  a  and  b  being  fuppofed  uniform,  the  right 
lines  a  m  and  e  n  will  Increafe  uniformly  ;  fo  as  to  become 
double  in  double  the  time  ;  confequently  ck  will  alfo  increafe 
uniformly,  or  in  the  lame  proportion  as  the  time.  And  becaule 
dm,  en,  increafe  uniformly,  it  follows  that  gk  alfo  increafes 
uniformly  ;  and  that  ck  is  to  kg  in  the  conftant  ratio  of  a  x  a  m 
-1-bxbn  to  axdmtBXen.  Hence  it  appears,  that  when  any 
number  of  bodies  move  in  right  lines  with  uniform  motions, 
their  common  centre  of  gravity  moves  likewife  in  a  right  line 
with  an  uniform  motion  ;  and  that  the  fum  of  their  motions, 
eftimated  in  any  given  diredion,  is  precifely  the  fame  as  if  all 
the  bodies,  in  one  mafs,  were  carried  on  with  the  diredion  and 
motion  of  their  common  centre  of  gravity.  Becaufe  the Turn 
of  the  motions  of  the  bodies,  eflimated  in  any  given  direccion, 
is  preferved  invariably  the  fame  in  their  collifions,  without  being 
affeded  by  their  adions  upon  each  other,  that  are  equal  and 
mutual  and  have  contrary  diredions ;  it  follows,  that  the  Hate 


128  Sir  ISAAC  NEWTO  N*s  Book  II 

of  their  centre  of  gravity  is  no  way  affeded  by  their  collifions 
or  any  fiich  actions  ^  and  that  it  perfeveres  in  its  date  of  reft  or 
uniform  motion,  in  the  fame  manner  as  by  the  firft  law  of 
motion  any  one  body  perfeveres  in  its  ftate,  till  fome  external 
influence  difturb  it.  Thefe  propofltions  reprefent  to  us  the  theory 
of  motion  in  a  plain  and  beautiful  light ;  and  enable  us  to  judge 
the  motions  of  a  fyftem  of  bodies,  with  almoft  the  fame 
facility  as  of  thofe  of  one  body. 

1 6.  The  motions  and  actions  of  bodies  upon  each  other,  in 
a  fpace  that  is  carried  uniformly  forward,  are  the  fame  as  if 
that  fpace  was  at  reft  ;  and  any  powers  or  motions  that  ad:  up¬ 
on  all  the  bodies,  fo  as  to  produce  equal  velocities  in  them  in 
the  fame  or  in  parallel  right  lines,  have  no  effect  on  their  mu¬ 
tual  adions  or  relative  motions.  Thus  the  motion  of  bodies 
aboard  a  fhip,  that  is  carried  fteadily  and  uniformly  forward, 
are  performed  in  the  fame  manner  as  if  the  fhip  was  at  reft. 
When  a  fleet  of  fhips  is  carried  away  by  an  uniform  current, 
their  relative  motions  are  no  way  affeded  by  the  current 
but  are  the  fame  as  if  the  fea  was  at  reft.  The  motion  of  the 
earth  and  air  round  its  axis  has  no  effed  on  the  adions  of 
bodies  and  agents  at  its  furfacc,  but  fo  far  as  it  is  not  uniform 
and  redilineal.  In  general,  the  adions  of  bodies  upon  each 
other  depend  not  upon  their  abjolute  but  relative  motion  ; 
which  is  the  difference  of  their  abfolute  motions  when  they 
have  the  fame  diredion,  but  their  fum  when  they  are  moved 
in  oppolite  diredions. 

17.  No  principle  being  more  univerfally  allowed  than  this, 
or  more  evidently  eftablifhed  upon  common  experience,  we 
deduced  the  following  argument  from  it  againft  the  new  doc¬ 
trine  concerning  the  forces  of  bodies  in  motion,  in  a  piece  that 
obtained  the  prize  of  the  royal  academy  of  fciences  at  Paris , 

in 
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in  1724  ;  which,  becaufe  of  its  plainnefs  and  fimplicity,  we 
fhall  defcribe  here  again.  Let  a  and  b  {Fig.  13.)  be  two  equal 
bodies  that  are  feparated  from  each  other  by  fprings  interpofed 
between  them  (or  in  any  other  equivalent  manner)  in  a  fpace 
efgh,  which  in  the  mean  time  proceeds  uniformly  in  the  di- 
redion  b  a  (in  which  line  the  fprings  ad)  with  a  velocity  as  1  ; 
and  fuppofe  that  the  fprings  imprefs  on  the  equal  bodies  a  and 
b  equal  velocities,  in  oppofite  directions,  that  are  each  as  1. 
Then  the  abfolute  velocity  of  a  (which  was  as  1)  will  be  now  as 
2 ;  and  according  to  the  new  dodrine  its  force  as  4  :  whereas  the 
abfolute  velocity  and  the  force  of  b  (which  was  as  1)  will  be  now 
deftroyed;  fo  that  the  adion  of  the  fprings  adds  to  a  a  force 
as  3 ,  and  fubduds  from  the  equal  body  b  a  force  as  1  only  ; 
and  yet  it  feems  manifeft,  that  the  adions  of  the  fprings,  on 
thefe  equal  bodies,  ought  to  be  equal  ;  (and  Mr.  Bernovitti  ex- 
prefsly  owns  them  to  be  fo)  :  that  is,  equal  adions  of  the  fame 
lprings  upon  equal  bodies  would  produce  very  unequal  efteds, 
the  one  being  triple  of  the  other  according  to  the  new  dodrine ; 
than  which  hardly  any  thing  more  abfurd  can  be  advanced  in 
philofophy  or  mechanics.  In  general,  if  m  reprefent  the  ve¬ 
locity  of  the  fpace  efgh  in  the  diredion  b  a,  n  the  velocity 
added  to  that  of  a  and  fubduded  from  that  of  b,  by  the  adion 
of  the  fprings,  then  the  abfolute  velocities  of  a  and  b  will  be 
reprefented  by  m+n  and^— -n  refpedively,  the  force  added  to 
A  by  the  fprings  will  be  2  m  n  4  n  n ,  and  the  force  taken  from 
b  will  be  2  m  7i— nn^  which  differ  by  2  n  n.  Farther,  it  is  al¬ 
lowed  that  the  adions  of  bodies  upon  one  another  are  the  fame 
in  a  fpace  that  proceeds  with  an  uniform  motion  as  if  the 
fpace  was  at  reft  :  but  if  the  fpace  efgh  was  at  reft,  it  is  al¬ 
lowed  that  the  forces  communicated  by  the  fprings  to  a  and  b 
had  been  equal  ;  and,  according  to  the  new  dodrine,  the 
force  of  each  had  been  reprefented  by  n  n  ;  whereas  the  force 
communicated  to  a  by  the  fprings  in  the  fpace  efgh  is  repre- 
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felted  by  2  m  n  +  »  n,  and  the  force  taken  from  b  will  be 
o  mn  —  nn.  Thefe  arguments  are  fimple  and  obvious,  and 
feem,  on  that  account,  to  be  the  more  proper  in  treating  of  this 
nueftion  They  who  maintain  the  new  dodrine  may  define 
force  in  fuch  a  manner,  as  to  make  the  difpute  appear  to  relate 
merely  to  words  ;  but,  as  the  terms  aEiton  and  force  feem  to 
be  very  nearly  allied  to  each  other,  it  fore  y  tends  to  confound 
our  notions  and  language,  to  maintain  that  equal  adions  ge¬ 
nerate  or  produce  unequal  forces  in  the  fame  time.  But  what 
evidently  (hews  that  the  authors  on  the  fide  of  this  new  opinion 
did  not  underhand  what  they  taught,  is  their  telling  us,  that 
the  quantity  of  abfolute  force  is  unalterable  by  the  colhfions  of 
bodies,  and  that  this  follows  fo  evidently  from  the  equality  ot 
aEiion  and  reaEUon,  that  to  endeavour  to  demonftrate  it  would 
only  render  it  more  obfcure.  For  hence  it  appears,  that  ey 
underflood  equal  changes  to  be  produced  m  the  forces  o 
bodies  in  confequence  of  the  equality  of  aEiion  and  reaEhon  ; 
and  vet  it  is  evident  from  what  we  have  fhewn,  that  the  changes 
produced  in  the  forces  of  bodies  muft  be  very  unequal,  ac¬ 
cording  to  this  new  dodrine,  tho’  the  aEiion  and  reaEhon  by 
which  they  are  produced  be  equal.  It  feems  to  have  been  by 
a  miftake,  that  Mr.  Leibnitz  firft  found  himfelf  engaged  to 
maintain  this  new  dodrine,  in  1686  ;  and  in  like  manner, 
fome  of  his  difciples  feem  to  have  ralhly  adopted  the  lame, 
without  having  attended  to  the  confequences. 

18.  In  the  theory  of  motion,  rightly  underftood,  the  fame 
laws  that  ferve  for  comparing,  compounding,  or  reiolving 
motions,  are  obferved  hkewife  by  preffures  ;  that  is,  the  powers 
that  generate  motion,  or  tend  to  produce  it  :  for  forces  arc 
nothing  elfe  but  the  fums  of  fuch  preffures  accumulated  in  the 

body,  in  confequence  the  _  .  ^  i 

for  a  finite  time  ;  and  preffures  are  confidered  as  infinite  y 

imail 
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Email  forces,  or  as  the  elements  from  which  the  forces  are  pro¬ 
duced  :  and  it  adds  no  fmall  beauty  and  evidence  to  this 
theory  of  motion,  that  both  obferve  the  fame  laws.  When  a 
force  is  generated  in  any  body,  by  the  accumulation  of  other 
forces  or  impulfes,  that  which  is  generated,  in  any  direction, 
muft  be  equal  to  the  fum  of  thofe  which  are  all  employed 
and  confumed,  in  that  direction,  in  producing  it ;  and  if  the 
force  is  produced  by  a  continual  fuccellive  a&ion,  the  motion 
generated  muft  be  equal  to  the  fym  of  the  preffures  that  are 
exerted  in  producing  it.  In  like  manner,  it  motion  is  deftroyed 
by  the  reftftance  of  any  oppofite  power,  it  muft  be  equal  to 
the  fum  of  all  the  actions  by  which  it  is  totally  deftroyed.  On 
the  other  hand,  the  intenlity  of  the  power  that  generates  mo^ 
tion  in  any  body,  is  proportional  to  the  augment  of  force  which 
it  generates  in  a  given  time,  and  the  intenlity  of  the  power 
that  refifts  or  deftroys  motion,  is  meafured  by  the  decrement  of 
force  produced  in  a  given  time  ;  ftnce  the  augment  in  the  firft 
cafe,  and  decrement  of  motion  in  the  fecond  cafe,  are  the 
adequate  effe&s  of  the  power  ;  which  is  fuppofed  to  be  of  fuch 
a  nature  as  to  be  renewed  every  moment,  and  exert  all  its  in¬ 
fluence  at  once.  In  general,  the  intenlity  of  any  power  that 
generates  or  deftroys  motion  is  the  greater,  in  proportion  as 
the  change  of  velocity  produced  by  it  in  the  direction  of  that 
power  is  greater,  and  the  lefs  the  time  is  in  which  that  change 
is  produced,  if  the  intenlity  of  the  power  continues  uniform 
during  that  time  :  but  if  the  power  varies,  its  intenlity,  at  any 
given  term  of  the  time,  is  to  be  meafured  by  the  change  of 
velocity  which  would  have  been  produced,  in  a  given  time,  by 
the  power  continued  uniformly  for  that  time.  ’  ' 

t  •  „  *  i 

19.  The  preflure  or  power  that  generates  motion  in  a  body 
is  in  the  compounded  ratio  of  the  quantity  of  matter  in  the 

S  2  '•  body, 
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body  and  of  the  velocity  which  it  would  generate  in  it  in  a 
given  time,  if  it  was  continued  uniform  for  that  time  ;  and 
thofe  preffures  are  equal  in  any  two  bodies,  when  their  quan¬ 
tities  of  matter  are  reciprocally  as  thofe  velocities,  that  is, 
when  the  intenfity  of  the  power  that  ads  upon  the  greater 
body  a,  is  lefs  than  the  intenfity  of  that  which  ads  upon  the 
leffer  body  b,  in  the  fame  proportion  as  b  is  lefs  than  a.  It  two 
bodies  that  are  aded  upon  by  fuch  powers,  with  oppofite  di¬ 
rections,  be  in  contad,  neither  of  the  powers  will  prevail  and 
no  motion  will  be  produced.  In  the  fame  manner,  if  two 
bodies,  moving  with  velocities  inverfely  proportional  to  their 
quantities  of  matter,  meet  with  oppofite  diredions,  their  mo¬ 
tions  will  deftroy  each  other,  if  they  are  foft  bodies ;  or  if  they 
are  fo  perfedly  hard  as  that  their  parts  are  quite  inflexible, 
they  will  both  flop  after  the  ftroke  :  but  if  they  have  any 
elafticity,  they  will  be  refle&ed  after  the  ftroke  with  equal 
motions.  Thus  there  is  a  perfed  harmony  between  the  laws 
of  preffures,  or  powers,  and  the  laws  of  motions  or  forces  pro¬ 
duced  by  thofe  powers  ;  as,  in  general,  there  muff  bean  ana¬ 
logy  between  the  powers  that  generate  or  produce  any  efied, 
and  the  effeds  themfelves  which  are  generated.  But  this  har¬ 
mony  is  quite  loft,  as  to  the  forces  of  bodies,  according  to  the 
new  opinion  concerning  their  menfuration  ;  for,  according  to 
this  opinion,  when  the  velocity  is  finite,  how  fmall  foever  it 
may  be,  the  force  is  meafured  by  the  fquare  of  the  velocity  ; 
but  when  the  velocity  is  infinitely  little  (as  it  is,  according  to 
the  favourers  of  the  new  opinion)  in  confequence  of  the  hrft 
impulfe  of  the  power  that  generates  the  motion,  the  force  is 
limply  as  the  velocity  ;  and  we  cannot  but  obierve,  that  tins 
hidden  change  of  the  law  does  not  appear  to  be  confiftent  with 
the  favourite  principle  of  continuity ,  fo  zealoufly  maintained 
by  the  fame  philosophers.  According  to  the  fame  opuuon, 


Chap.  2.  PHILOSOPHICAL  DISCOVERIES.  133 

'[  ■  !>  *.  .  l 

forces  that  fuftain  each  other,  with  oppofite  directions,  and  de¬ 
stroy  each  others  effeCt,  may  be  unequal  in  any  given  ratio  • 
and  when  bodies  meet  with  equal  forces  in  oppolite  directions, 
they  do  not  therefore  fuftain  each  other,  but  that  which  has 
the  greater  velocity  carries  it  againft  the  other.  Let  v  denote 
the  velocity  of  a,  and  v  the  velocity  of  b  ;  then  A  *  v  will  de¬ 
note  the  motion  or  force  of  a,  and  Bx^  the  motion  or  force  of  b  ; 
fo  that  thefe  motions  are  equal  when  a  *  v  =  Rxv,  that  is,  when  v 
is  to  v7  as  b  is  to  a  :  and  this  is  the  cafe  wherein  conftant  ex¬ 
perience  teaches  us  that  the  motions  fuftain  each  other,  pro¬ 
vided  their  directions  be  oppofite.  But,  according  to  the  new 
opinion,  the  force  of  a  is  meafured  by  Ax  v  v,  and  the  force  of 
B  by  b  x  V’Vy  which  are  to  each  other  in  the  fame  proportion  as 
v  to  v,  in  the  prefent  cafe,  becaufe  we  fuppofe  AxV=Bx^ 
Thefe  forces,  .therefore,  according  to  the  new  opinion,  are  fo 
far  from  being  equal,  that  the  force  of  a  is  lefs  than  the  force 
of  B  ,  in  proportion  as  v  is  lefs  than  v,  or  B  lefs  than  a  ;  fo 
that,  according  to  this  doCfrine,  a  force  might  fuftain,  or  even, 
overcome,  a  force  1000  times  greater  than  itfelf,  or  greater 
than  itfelf  in  any  affignable  proportion.  According  to  the  fame 
doCfrine,  the  forces  of  a  and  B  are  equal,  when  a  *vv=b  *vvr 
that  is,  for  example,  when  A  being  quadruple  of  B,  the  ve¬ 
locity  of  B  is  double  of  the  velocity  of  a  ;  in  which  cafe  the 
quantity  of  motion,  or  momentum^  of  a  is  double  of  that  of  b;  and 
the  motion  of  a  appears,  from  experience,  to  be  more  than  fuf~ 
ficient  to  fuftain  the  motion  of  b.  It  has  coft  the  favourers  of 
the  new  opinion  a  great  deal  of  pains  to  compoie  their  ac¬ 
counts,  by  which  they  endeavoured  to  reconcile  their  theory 
with  experience  \  and  how  unlatisfaClory  their  accounts  have 
proved,  will  eafily  appear  to  the  reader  who  will  take  the 
trouble  to  examine  them,. 

<  *  * 

*  .  .  ,  j  ^  fc 

I 

.  M  £04  Let: 


*34 


Sir  ISAAC  N  E  W  T  O  N’s  Boor  IL 

20.  Let  the  bodies  A  and  B  (Fig.  14.)  by  moving  towards 
each  other,  comprefs  equal  and  fimilar  fprings  placed  between 
them,  till  by  the  readion  of  thofe  fprings  their  motions  be  de- 
flroyed.  Mr.  Benwvilli  exprefsly  owns,  that  the  actions  of  the 
fprings  on  thole  bodies  are  conftantly  equal  to  each  other,  and 
yet  maintains  that  they  deftroy  a  force  in  b  greater  than  the 
force  of  a,  in  the  fame  proportion  as  the  body  a  is  greater 
than  B,  or  (c  being  the  centre  of  gravity  of  a  and  b)  as  cb  is 
greater  than  ca.  He  therefore  maintains,  that  equal  preffures 
or  adions  of  fprings  generate,  in  the  fame  time,  forces  that 
may  be  unequal  in  any  affignable  ratio  ;  which  is  repugnant 
to  the  plained  notions  we  are  able  to  form  of  adion  and  force, 
and  ferves  only  to  introduce  myfterious  and  obfcure  conceptions 
into  the  theory  of  motion,  without  any  neceffity.  If  we  fup- 
pofe  the  body  a  to  comprefs  the  fprings  from  a  to  c,  then  the 
body  B  will  comprefs  all  the  fprings  from  B  to  c,  in  the  fame 
degree,  and  in  the  fame  time  ;  and  thence  he  infers,  that  the 
force  of  a  is  to  the  force  of  B,  in  the  fame  proportion  as  the 
number  of  fprings  from  c  to  a,  to  the  number  of  fprings  from 
c  to  B.  But  lince  the  motion,  force,  or  effed  of  any  kind, 
produced  or  deftroy ed  in  a  or  b,  depends  upon  the  im¬ 
mediate  adion  which  produces  the  efted,  and  upon  it  only ; 
and  lince,  in  this  cafe,  the  adions  of  the  fprings  upon  the 
bodies  a  and  B  are  thofe  which  deftroy  their  motions ;  and  lince 
it  is  allowed  by  him  that  the  adions  of  the  fprings  upon  thefe 
bodies  are  equal,  is  it  not  evident  that  the  forces  deftroyed  by 
them  in  the  fame  time  mu  ft  be  equal  ?  And  is  it  not  manifeft, 
that  the  forces  which  are  produced  or  deftroyed  in  bodies,  are 
to  be  meafured  by  the  efforts  which  the  fprings  exert  upon  the 
bodies  in  producing  this  efted,  and  not  by  the  number  of 
fprings  ?  It  is  the  laft  fpring  only,  which  is  in  contad  with 

the  body,  that  ads  upon  it,  the  reft  fcrving  only  for  fuftaining 
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it  in  its  action  ;  fo  that  any  change  produced  in  the  body,  by 
whatever  name  it  be  called,  ought  to  be  determined  from  the 
addon  of  this  laft  fpring  only,  and  in  juft  reafoning  ought  to  be 
computed  from  it  alone.  Had  he  defined  force  by  the  num¬ 
ber  of  equal  and  fimilar  fprings,  that,  by  a  given  degree  of 
expanfion  or  compreflion,  produce  or  deftroy  it,  juft  exceptions^ 
might  have  been  made  againft  the  propriety  and  convenience  ol 
fuch  new  and  unneceffary  expreffions,  as  tending  to  perplex  and 
darken  this  moft  ufeful  theory  of  motion,  which  was  before 
very  clear  and  evident :  but  then  this  controverfy  would  have 
appeared  to  relate  chiefly  to  words  and  terms  of  art,  and  there 
would  not  have  been  fo  much  danger  of  miftakes  aiding  fiom 
their  do&rines.  Put  he  does  not  give  this  for  the  definition  of 

force. 

21.  When  a  body  delcends  by  its  gravity,  the  motion  ge¬ 
nerated  may  be  confidered  as  the  fum  of  the  uniform  and  con¬ 
tinual  impulfes  accumulated  in  the  body,  during  the  time  of 
its  falling.  And  when  a  body  is  projected  perpendicularly  up¬ 
wards,  its  motion  may  be  confidered  as  equivalent  to  the  fum 
of  the  impulfes  of  the  fame  power  till  they  extinguish  it.  When 
the  body  is  proje&ed  upwards  with  a  double  velocity,  thefe  uni¬ 
form  impulfes  muft  be  continued  for  a  double  time,  to  be  able 
to  deftroy  the  motion  of  the  body  ;  and  hence  it  arifes,  that 
the  body,  by  fetting  out  with  a  double  velocity,  and  afeending 
for  a  double  time,  muft  arife  to  a  quadruple  height,  before  its 
motion  is  exhaufted.  But  this  proves  that  a  body  with  a 
double  velocity  moves  with  a  double  force,  fince  it  is  pro¬ 
duced  or  deftroyed  by  the  fame  uniform  power  continued  for 
a  double  time,  and  not  with  a  quadruple  force,  too  it  arife  to 
a  quadruple  height.  This,  however,  was  the  argument  upon 
which  Mr.  Leibnitz  firft  built  this  dobirine ;  and  thofe  which 

have  been  fince  derived  from  the  indentings  or  hollows  pro¬ 
duced' 
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duced  in  foft  bodies  by  others  falling  into  them,  are  much  ol 
the  fame  kind  and  force.  Caufes  are  not  to  be  meafured  by 
any  effects  produced  by  them,  taken  without  any  choice,  or 
judgment,  or  regard  to  their  circumftances.  Motions  and  forces 
are  not  to  be  meafured  by  the  effeds  produced,  without  regard 
to  the  times  and  diredions  of  the  motions,  according  to  the 
principles  of  geometry  and  mechanics.  In  geometry,  we  judge 
of  wholes  by  comparing  their  parts,  or  the  elements  from  which 
they  are  generated  ;  and,  in  mechanics,  we  can  have  no  better 
method  of  judging  of  motions,  or  forces,  than  from  the 
powers  that  produce  them.  The  motion,  or  force,  of  a  body 
has  a  much  more  fimple  and  plain  analogy  to  the  power  that 
produces  it,  than  to  the  fpace  defcribed  by  it  in  foft  clay  or  any 
other  relifting  medium. 

22.  The  principle,  “  that  the  caufe  is  to  be  meafured  by 
its  effed,”  is  one  of  thofe  that  will  be  very  apt  to  lead  us  into 
error,  both  in  metaphyftcs  and  natural  philofophy,  if  applied  in 
a  vague  and  indiftind  manner,  without  fufficient  precautions. 
Force  is  defined  to  be  that  power  of  ading  in  a  body  which 
muft  be  meafured  by  its  whole  effed  till  its  motion  be  de- 
ftroyed,  by  thofe  who  favour  the  new  opinion,  or  fome  of 
of  them  at  leaft,  and  by  fome  who  would  reprefen t  this  dif- 
pute  as  merely  about  words.  But  the  fame  authors  tell  us 
likewife,  that  force  is  proportional  to  the  number  of  fprings 
which  it  can  bend  before  it  be  deftroyed  ;  and  this  they  pro- 
pole,  without  any  proof,  as  a  definition  or  axiom.  Did  they 
content  themfelves  with  the  latter  of  thefe  only,  we  fhould 
allow  the  difpute  to  be  of  very  little  moment,  farther  than  as 
inch  liberties  tend  to  confound  our  notions  of  the  adion  and 
motion  of  bodies,  as  we  obferved  above.  But  while  they  pre¬ 
tend  that  force,  defined  by  them  at  their  pleafure,  is  to  be  con- 
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fidered  as  the  caufe  of  the  effects  produced  by  motion,  and  is . 
to  be  meafured  by  thofe  effeds,  the  difpute  appears  no  longer 
to  be  about  words  only.  Sir  Ifaac  Newton,  in  his  fecond  law 
of  motion,  points  out  to  us  that  the  impreffed  force  being  con- 
fidered  as  the  caufe,  the  change  of  motion  produced  by  it  is 
the  effect  that  meafures  the  caufe  ;  and  not  the  fpace  defcribed 
by  it  againft  the  a&ion  of  an  uniform  gravity,  nor  the  hollows 
produced  by  the  body  falling  into  clay.  This  law  of  motion 
is  the  fureft  guide  we  can  follow,  in  determining  effects  fi  om 
their  caules,  or  converlely  the  caules  from  their  effects.. 


2  3 .  The  harmony  between  the  laws  of  preffures,  or  powers, 
that  generate  motion,  and  the  laws  01  thele  motions  tnemlelves, 
appears  in  a  fuller  light  when  we  attend  to  their  competition 
and  refolution.  Powers  acting  in  the  directions  a  b  and  a  d, 
[Fig.  4.)  proportional  to  thofe  right  lines,  compound  a  power 
that  aefts  in  the  direction  of  the  diagonal  a  c,  ana  is  meafured 
by  ac.  Becaufe  ac  is  lefs  than  ab  +  ad,  tne  power  com¬ 
pounded  from  a  b  and  a  d  is  always  lefs  than  thofe  powers 
themfelves ;  and  this  is  fully  accounted  for  by  refolving  the 
power  ab  into  am  and  an,  {Fig.  5-)  and  the  power  ad  into 
a k  and  al;  of  which  a  n  and  al  are  oppofite  and  equal 
and  deftroy  each  others  effed,  fo  that  there  remains  am+ak* 
or  ac,  the  meafure  of  the  compounded  power.  The  favourers 
of  the'  new  opinion  agree  with  us  in  arguing  in  this  manner,  con¬ 
cerning  powers  and  preffures ;  but  in  a  manner  quite  inconfiftent 
with  this,  in  the  compofition  and  refolution  of  forces.  When 
the  angle  b  a  d  is  right,  the  compounded  force  is  equal  to  the, 
fum  of  the  forces  ab  and  ad,  according  to  them;  and  no 
force  is  loft,  notwithftanding  the  oppofite  diredions  of  the  forces- 
a l  and  an  ;  tho’  it  is  not  eafy  to  conceive  how  this  fhoulff 
not  have  an  effeeft  in  the  compofition  of  forces,  as  well  as  o 
powers  and  preffures.  When  the  angle  bad  {Fig.  15.)  is 
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the  fquare  of  the  diagonal  a  c  exceeding  the  fum  of  the  fquares 
of  ad  and  dc,  [Euclid,  12.  2.)  or  of  ad  and  a  b,  the  two 
forces  in  the  directions  a  d  and  a  b  muff,  according  to  the  new 
doctrine,  compound  a  force  ac  greater  than  their  ium.  No.v 
this  appears  diredly  contradidory  to  the  metaphyfical  principle 
fo  much  infilled  on  by  them,  that  the  effed  is  proportional  to 
the  caufe  which  produces  it  ;  for,  in  this  cafe,  the  effed  is 
‘■rearer  than  the  caufe  ;  and  this  teems  to  be  as  abfurd,  in  me¬ 
chanics,  as  that  two  quantities  colleded  together  fhould  pro¬ 
duce  a  greater  quantity  than  their  firm,  in  geometiy.  When 
this  was  objeded,  the  anfwer  *  given  to  it  deferves  to  be  copied, 
for  a  fpecimen  of  their  way  of  getting  over  difficulties  :  it  is  no 
more  but  that  “  no  abfurdity  follows  from  the  new  opinion, 

“  which  by  meafuring  forces,  not  by  momenta ,  but,  by  the 
«  fquare  of  the  velocities,  concludes  that  on  account  of  the 
“  angle  dab  its  being  acute,  the  fquare  of  ac  (which  is  the 
“  force  compounded)  is  greater  than  the  fquares  of  a  b  and 
u  AD)  the  fum  of  what  they  call  the  compounding  forces.’' 

24.  To  illuftrate  this  farther,  fuppofe  that  the  elaftic  body 
a  (Fig.  16.)  receives  its  force,  in  the  diredion  ab,  from  the 
equal  elaffic  body  h,  and  its  force,  in  the  diredion  ad,  from 
the  equal  elaftic  body  g,  at  the  fame  time.  According  to  the 
patrons  of  the  new  dodlrine5  the  forces  of  h  and  g  are  com- 
municated  to  a  by  infinitely  fmall  degrees,  or  by  an  uninter¬ 
rupted  fucceffion 'of  preffures,  and  the  whole  force  communi¬ 
cated  to  a  is  the  fum  cf  the  effeds  of  thefe  preffures.  Now  in 
every  inftant  the  preffure,  or  infinitely  fmall  force  impreffed  on 
a,  is  lefs  than  the  fum  of  the  preffures  exerted  in  that  inftant 
by  h  and  c,  in  proportion  as  ac  is  left  than  a  b+ad,  as  is  al¬ 
lowed  on  all  hides.  Therefore  the  fum  of  all  the  preffures,  or 

*  See  DifufuUir'i,  courfe  of  experimental  philofophy,  vol.  2.  in  the  note  at  tire 
bottom  of  page  72*  ' 
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the  force  imprefsd  on  a,  muff  be  lefs  than  the  ium  or  ail  the 
preffures,  or  the  fum  of  the  forces  exerted  by  h  and  g,  in  the 
fame  proportion  of  ac  to  a  b+ad  •  tnat  is,  tne  forces  or  a, 
h,  and  g,  muft.be  as  the  lines  ac,  a  b  and  ad,  and  not  as  their 
iquares.  It  is  not  poffible  to  conceive  that  while  the  force  in 
a  arifes  from  the  accumulation  of  the  preffures,  or  infinitely 
fmall  forces,  which  it  receives  every  moment  from  the  actions 
of  h  and  g,  and  each  of  thefe  preffures,  or  infinitely  fmall 
forces,  is  lefs  than  the  fum  of  the  actions  of  h  and  g  t'  at 
produce  them  ;  yet  the  whole  force  of  a  fhould  neverthelefs 
exceed  the  fum  of  the  whole  actions  or  forces  or  h  and  g. 

1  fpeak  here  of  infinitely  fmall  forces,  to  comply  as  much  as 
poffible  with  the  ftile  of  the  favourers  of  this  new  opinion. 
To  *  this  they  gave  no  other  anfwer  than  that  what  we  call 
forces  here  ought  to  be  called  momenta.  But  they  pretend  not 
to  explain  how  the  infinitely  fmall  forces  impreffed  upon  a,  in 
the  direction  a  c,  come  to  produce  a  finite  force  far  greater 
than  their  fum  total  ;  or  how  the  effedt  fhould  be  fo  far  from 
correfponding  to  the  caufe  ;  the  metaphvfical  principle  which 
they  feem  to  ufe,  or  reje£t,  juft  as  it  ferves  their  turn.  If  we 
fuppofe  the  angle  b  ad  to  be  infinitely  acute,  the  fame  forces 
(according  to  the  new  opinion)  generate  a  force  in  a  which  exT 
ceeds  their  fum  as  much  as  the  fquare  of  ab  +  ad  exceeds  th$ 
fum  of  the  fquares  of  a  b  and  ad;  fo  that  if  ad  be  equal  to 
.AB,  they  will  in  that  cafe  generate  at  a  a  force  double  of  their 
fum,  for  then  the  fquare  of  ab  +  ad-  will  be  equal  to  the  fquar$ 
of  2  a  b,  that  is  to  4  ab  2  ;  tho’  the  two  equal  forces  which  are 
fuppofed  to  produce  this,  taken  together,  amount  only,  to 

2  a  b 2,  according  to  their  own  computation;  fo  that,  in  this 
cafe,  a  caufe  produces  an  effect  of  the  fame  kind  double  of 
itielf.  To  this  it  has  been  ff  anfwered,  that,  according  to  the 

i  *  * 

*  Ibid',  p.  7'3>  in  the  laft  note 

•f*  Ibid.  p.  74,  in  the  notes* 
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new  opinion,  a  double  momentum  may  produce  a  quadruple 
effed,  if  the  velocity  is  double.  But  furely  the  author  who 
gave  this  anfwer  did  not  attend  to  the  objection  ;  for  what  we 
have  proved,  is  not  that  a  double  momentum  produces  a  quad¬ 
ruple  effed,  but  that  a  double  force,  according  to  their  own 
notion  and  computation,  produces  a  quadruple  force,  accord¬ 
ing  to  the  fame  notion  and  computation.  And  indeed  the 
fum  of  the  anfwers  they  have  made  to  the  abfurdities  which 
have  been  deduced  from  their  favourite  opinion  amounts  to 
this,  viz.  that  they  are  no  abfurdities  becaufe  their  new  opi¬ 
nion  obliges  them  to  admit  them. 

25.  The  refolution  of  powers,  or  preffures,  is  a  neceffary* 
confequence  of  their  compofition.  As  motion  is  loft  in  the  > 
compofition,  fo  it  is  neceflarily  gained  in  the  refolution  of 
motion  ;  and  as  this  is  allowed  of  motions,  and  of  the  powers 
that  generate  motion,  there  can  be  no  good  reafon  given  why 
it  outfit  not  to  be  allowed  of  the  effeds  of  thofe  powers,  or  of 
the  force  of  bodies.  The  fame  reafons  that  argue  for  an  in- 
creafe  in  the  one  cafe,  prove,  with  the  fame  evidence,  that  an 
increafe  of  the  other  ought  likewife  to  be  allowed.  Let  the 
body  c  ( Fig .  17.)  moving  in  the  diredion  d  c,  the  diagonal  of 
the  parallelogram  cldk,  ftrike  the  equal  body  a  obliquely,  fo 
as  to  impell  it  in  the  diredion  c  a  the  continuation  of  c  k,  and 
at  the  fame  time  the  equal  body  b,  in  the  diredion  c  b  the  con¬ 
tinuation  of  cl  ;  the  body  a  will  proceed  in  the  right  line  c  a, 
and  the  body  b  will  proceed  in  the  diredion  c  b  the  continuation 
of  cl,  and  c  having  communicated  all  its  force  to  them  will 
ftop.  It  will  not  appear  ftrange  that  the  motions  and  forces 
of  a  and  b  exceed  the  motion  or  force  of  c,  if  we  confider  that 
c  communicates  the  whole  motion  or  force  ck  to  a,  and  the 
whole  motion  or  force  cl  to  b,  that  the  refiftance  or  inertia  of 
a  reading  upon  c,  not  in  the  diredion  of  its  motion  c  n,  but 


Chap.  2.  PHILOSOPHICAL  DISCOVERIES.  141 

in  the  diredion  ck  oblique  to  it,  the  abfolute  motion  or  force 
of  c,  in  the  ■  direction  d  c,  is  not  fo  much  diminifhcd  by  this 
readion  as  if  it  was  diredly  oppofite  to  the  motion  of  c  ;  for 
no  power,  or  refiftance,  can  produce  fo  great  an  effed  in  any 
direction  as  in  that  wherein  it  ads.  In  like  manner  the  re¬ 
action  of  b  deftroys  the  motion  or  force  l  c  in  the  body  c,  in 
the  diredion  in  which  b  reads ;  but  not  fo  great  a  motion  or 
force  in  the  diredion  d  c  to  which  it  is  oblique  ;  and  thus  it 
appears,  that  the  motion  or  force  of  c,  in  the  diredion  d  c, 
muft  neceffarily  be  lefs  than  the  fum  of  the  motions  or  forces 
of  the  bodies  a  and  b  in  their  refpedive  diredions.  If  it  be  ob-  , 

jeded,  that,  in  this  cafe,  the  motion  of  c,  in  the  diredion 
d  c,  is  the  caufe  of  the  motions  of  a  and  b,  in  the  diredions 
c  a* and  cb  ;  fo  that  a  caufe  produces  effeds  whofe  fum  is 
greater  than  itfelf ;  in  anfwer  to  this,  we  have  already  obferved, 
that  as  this  is  allowed  on  all  hands  of  motions  and  prelfuies,  it 
cannot  be  abfurd  to  extend  it  to  forces,  but  muft  obtain  in 
them  for  the  fame  reafons.  But  farther,  we  are  to  obferve, 
that,  in  conlequence  of  the  inertia  of  body,  it  not  only  refill  \> 
any  ’ change  of  its  motion,  but  likewife  any  change  in  the  di¬ 
redion  of  its  motion  ;  and  that  when  the  adion  of  bodies 
upon  each  other  is  not  in  a  right  line,  both  thefe  are  to  be  taken 
into  the  account.  Suppofe  the  body  c  firft  to  ftrike  upon  a, 
then  the  readion  of  a  has  a  twofold  effed  ;  it  fubduds  fome- 
what  from  the  motion  or  force  of  c,  and  at  the  fame  time  it 
produces  a  change  in  the  diredion  of  c  ;  and  the  readion  of, 
a  (to  which  the  motion  or  force  produced  in  it  is  equal)  is  not 
to  be  eftimated  by  one  of  thofe  effeds  only,  but  by  both  con  ¬ 
jointly.  After  the  body  c  has  ftruck  a,  it  proceeds  in  the  rignt 
line  cb  with  a  motion  or  force  as  cl,  and,  impinging  upon  * 
diredlv,  it  communicates  its  whole  motion  or  force  to  b  which 

reads  diredly  againft  it.  We  have  fuppofed  the  bodies  c,  a, 

and 
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and  b  to  be  perfe&ly  eiaftic,  in  conformity  to  the  fuppofitions 
of  our  opponents,  feme  of  whom  confine  themfelves  m  their 
enquiries  to  thefe  only. 

26.  If  we  fubftitute  fprings  in  place  of  the  bodies  a  and  b, 
and  their  refinances  be  meafured  by  c  K  and  c  l,  it  will  appear, 
in  the  fame  manner,  that  the  refiftances  of  thofe  fprings  are  not 
the  proper  meafures  of  the  force  of  the  body  c,  but  that  taken 
together  they  muft  exceed  it  ;  for  the  fpring  a  ads  at  a  did* 
advantage  againft  the  motion  or  force  of  c.  It  has  its  whole 
effed  in  the  direction  c  k  in  which  it  refills ;  but  not  fo  great 
an  effedt  in  the  diredion  cd,  which  is  oblique  to  that  in  which 
it  ads.  If  the  fpring  a  aded  with  the  fame  advantage  as  b,  they 
would  together  produce  a  greater"  effect  than  in  the  fituation 
they  have  in  the  figure  ;  and  therefore  the  greateft  refiftances 
which  they  are  able  to  exert  taken  together,  muft  exceed  the 
force  of  the  body  c.  Thus  it  appears  that  this  argument,  in- 
ftead  of  overthrowing  our  doctrine,  confirms  it,  and  that  they 
who  advanced  it  fuppofed  thofe  forces  to  be  equal,  which,  ac¬ 
cording  to  the  known  principles  of  mechanics,  are  unequal. 
If  it  is  afked  what  becomes  of  the  excefs  of  the  force  of  the 
fpring  a,  above  what  is  fubducted  from  the  force  of  c  ?.  It 
may  be  anfwered,  that  it  is  not  without  its  effect  :  for  the  di¬ 
rection  of  the  body  is  changed  from  the  line  d  c  into  the  right 
line  c  b  ;  and  no  principle,  either  in  metaphyftcs  or  mechanics, 
teaches  us  that  this  effect  is  to  be  neglected,  in  comparing  the, 
caufe  and  effects  together  on  this  occafion.  On  the  contrary, 
many  inftances  might  be  given  where  a  force  is  employed  in 
producing  a  change  in  the  direction  of  a  motion  of  a  body 
only,  without  either  accelerating  or  retarding  it.  The  force 
that  is  fufficient  to  carry  a  body  upwards  in  the  perpendicular 
to  the  horizon,  to  a  double  diftance  from  the  centre  of  the. 
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earth,  is  equal  to  that  which,  imprefled  in  a  horizontal  direc¬ 
tion,  would  carry  it  in  a  circle  about  the  earth  for  ever,  ab- 
ftrading  from  the  refiftance  of  the  air  ;  as  appears  from  the 
theory  of  gravity  :  and  yet  the  firft  would  overcome  the  re¬ 
fiftance  arifmg  from  the  gravity  of  the  body  for  a  certain  time 
only  ;  whereas  the  other  would  overcome  that  refiftance  for 
ever,  without  any  diminution  of  motion.  In  the  firft  cafe,  x 
the  gravity  of  the  body  would  a d  diredly  againft  its  force  ;  in 
the  fecond,  it  would  ad  in  a  line  perpendicular  to  the  diredion 
of  its  motion  :  in  the  firft  cafe,  the  adion  of  gravity  is  entirely 
employed  in  confuming  the  force  of  the  body ;  in  the  other, 
in  changing  its  diredion  only.  The  arguments  drawn  in  favour 
of  the  new  opinion  from  the  refolution  of  motion,  feem,  at 
firft  fight,  the  moft  plaufible  of  any  that  have  been  offered  for 
it ;  but,  from  the  confiderations  which  we  have  fuggefted,  it 
may  appear  to  an  impartial  reader,  that  inftead  of  overthrowing 
the  common  dodrine,  they  rather  confirm  it.  As,  in  other  in- 
ftances,  Mr.  Leibnitz  s  followers  negled  the  confideration  of 
time,  in  reafoning  concerning  the  forces  of  bodies ;  fo  here  we 
find  that  they  have  not  due  regard  to  the  dirediorisof  motions 
and  forces,  in  eftimating  and  comparing  their  efteds  ;  which, 
however,  in  mechanical  enquiries,  are  of  no  lefs  importance 

than  the  motions  or  forces  themfelves, 

* 

27.  We  have  infilled  on  thejfe  obfervations,  becaufe  they  let 
the  theory  of  motion  in  a  plain  and  juft  light.  WTe  often  ob¬ 
tain  this  advantage  from  difputes  concerning  the  elementary 
propofitions  of  any  faience,  that  they  are  the  more  careful  ly  en¬ 
quired  into,  and  when  found  juft,  arc  iliuftrated  and  the  better 
under  flood  for  having  been  difputed.  We  cannot,  however, 
leave  this  fubjed  without  mentioning  an  experiment,  made  by 
the  ingenious  and  accurate  Mr.  Graham ,  to  whom  the  me- 
cuamcal  faiences  are  fo  much  indebted.  He  prepared  a  pen¬ 
dulous 
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dulous  body  with  a  cavity  in  it  capable  to  receive  another  body 
of  an  equal  weight,  at  the  loweft  point  of  its  vibration  ;  and 
when  the  body  was  drop’d  into  it,  he  found,  by  the  fubfequent 
vibration,  that  the  velocity  of  the  double  mafs  was  precifely 
one  half  of  what  the  velocity  of  the  pendulum  was  before  ; 
from  which  it  appears,  that  the  fame  force  produces  in  a  double 
quantity  of  matter  one  half  of  the  velocity  only  ;  which  is 
agreeable  to  the  common  doctrine,  but  dire&ly  repugnant  to 
the  new  one,  concerning  the  forces  of  bodies  in  motion. 
Many  ingenious  pieces  have  been  writ  againfl  this  new  doc¬ 
trine  by  learned  men,  to  which  we  refer  the  reader  who  defires 
to  fee  more  on  the  fubjed  *.  It  is  pretended,  that  by  this  new 
dodrine  we  are  enabled  to  refolve  problems  in  an  eafy  manner, 
which  are  otherwife  of  great  difficulty  ;  but  by  the  rejecting 
hard  and  inflexible  bodies,  there  is  more  loft  than  gained  in  this 
refped,  as  we  have  fhewn  elfewhere,  and  as  will  appear  after¬ 
wards,  when  we  come  to  determine  more  particularly  the 
effects  of  the  colliftons  of  bodies. 

» 

28.  It  is  becaufe  aEiio?i  and  reaSHon  are  always  equal,  that 
the  mutual  adions  of  bodies  upon  one  another  have  no  effed 
upon  the  motion  of  the  common  centre  of  gravity  oi  the  fyftem 
to  which  they  appertain.  It  there  was  any  aSlion  in  the  fyftem 
that  had  not  a  contrary  and  equal  reaBion  always  correfpond- 
ing  to  it,  it  would  affed  the  ftate  of  the  centre  of  gravity  o 
the  fyftem,  and  difturb  its  motion  :  and,  converfely,  if  it  be 
allowed  that  the  ftate  of  the  centre  of  gravity  of  a  fyftem  is 
not  difturbed  by  the  actions  of  bodies  upon  one  anothei  that  are 
its  parts,  we  may  conclude  that  their  adions  are  mutual,  equal, 
and  have  contrary  diredions.  It  will  therefore  be  found  agree- 

*  As  a  piece  of  Mr.  de  Mairan ,  in  the  memoires  de  1’  academie  royale  des  fciences 
1728.  Several  pieces  of  Dr.  Jurin,  philofophical  tranfa&ions, 
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able  to  the  courfe  of  things,  and  to  perpetual  experience,  that 
the  third  law  of  motion  be  extended  generally  to  all  forts 
of  powers  that  take  place  in  nature,  thofe  of  attrattion  and 
repulfion  as  well  as  others,  (and  not  to  be  a  fuppofttion  arbi¬ 
trarily  introduced  by  Sir  Ifaac  Newton  ;)  when  thofe  powers  are 
found  to  depend  upon  the  bodies  that  are  faid  to  attratt  or  re- 
pell,  as  well  as  upon  thofe  that  are  at t ratted  or  repelled .  We 
find  the  loadftone  attracts  iron,  and  that  iron  attracts  the  load- 
ftone  with  equal  force  ;  and  becaufe  they  attrad  each  other 
equally,  they  remain  at  reft  when  they  come  into  contact.  If  a 
mountain  by  its  gravity  preffed  upon  the  earth,  and  the  earth 
did  not  read  equally  on  the  mountain  ;  then  the  mountain 
would  neceffarily  carry  the  earth  before  it,  by  its  preffure, 
with  a  motion  accelerated  in  infinitum .  The  fame  is  to  be  {aid 
of  a  ftone,  or  the  leaft  part  of  the  earth,  as  well  as  of  a  moun¬ 
tain.  Bodies  ad  upon  light  in  proportion  to  their  denlity, 
£ceterh paribus ,  by  refrading  it  when  it  enters  into  them  ;  and 
converfely,  light  ads  upon  bodies  by  heating  them  and  putting 
their  parts  in  motion.  This  equality  of  attion  and  reattion  ob¬ 
tains  fo  generally,  that  when  any  new  motion  is  produced  by 
any  power  or  agent  in  nature,  there  is  always  a  correfponding 
equal  and  oppofite  motion  produced  by  its  reattion  at  the  fame 
time,  or  fome  equal  motion  in  the  fame  diredion  deftroyed. 
When  from  an  engine  a  weight  is  thrown,  the  engine  reads 
with  an  equal  force  on  the  earth  or  air.  If  it  was  not  for  this 
law,  the  ftate  of  the  centre  of  gravity  of  the  earth  would  be 
affected  by  every  action  or  impulfe  of  every  power  or  agent 
upon  it.  But  by  virtue  of  this  law,  the  ftate  of  the  centre  of 
gravity  of  the  earth,  and  the  general  courfe  of  things,  is  pre- 
fervech,  independent  of  any  motions  that  can  be  produced  at  or 
near  its  furface,  or  within  its  bowels.  By  the  fame  law,  the 
ftate  of  the  leffer  fyftems  of  the  planets,  and  the  repofe  of  the 
general  fyftem,  is  preferved,  without  any  diftuxbance  from  the 
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actions  of  whatever  agents  there  may  be  in  them.  We  rnuft 
thJtere  allow,  that  in  the  attratting  and  repelling  powers- 
winch  obtain  in  nature,  from  whatever  fort  of  caufe  they  may 
arife,  action  and  re-a&ion  are  always  equal  ;  and  lmce  this 
law  obtains  in  all  forts  of  motions  that  arife  from  impulfe,  we 
may  be  the  more  furprized  if  we  Ihould  find  the  philosophers 
that  explain  thofe  powers  from  impulfe  call  it  in  queftion. 
Even  in  the  motions  produced  by  voluntary  and  intelhgen 
aafents,  we  find  the  fame  law  take  place  ;  for  tho  the  pnncip  e 
of  motion,  in  them,  be  above  mechanifm,  yet  the  mftruments 
which  they  are  obliged  to  employ  in  their  actions  are  fo  lar 
fubiect  to  it  as  this  law  requires.  When  a  perfon  thiows  a 
flone,  for  example,  in  the  air,  he  at  the  fame  time  reacts 
upon  the  earth  with  an  equal  force  ;  by  which  means  the 
centre  of  gravity  of  the  earth  and  Hone  perfeveres  in  the  lame 
ftate  as  before.  And  the  neceffity  of  this  law,  for  preserving 
the  regularity  and  uniformity  of  nature,  well  deferved  the  at¬ 
tention  of  thofe  who  have  wrote  fo  fully  and  ufefully  of  final 
eaufes,  if  they  had  attended  to  it. 


CHAP. 
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CHAP.  III. 


Of  the  mechanical  powers . 

1.  K  |  r^  H  E  knowledge  of  mechanics  is  one  of  thofe  things 
that  contribute  moft  to  diftinguifh  civilized  nations 
from  barbarians :  the  works  of  art  derive  their  chief  beauty  and 
value  from  it  ;  and  without  it  we  can  make  very  little  pro- 
grefs  in  the  knowledge  of  the  works  of  nature.  It  is  by  this 
fcience  that  the  utmoft  improvement  is  made  of  every  power 
and  force  in  nature,  and  the  motions  of  the  elements,  water, 
air,  and  fire,  are  made  fubfervient  to  the  purpofes  of  life, 
when  induftry,  with  materials  for  the  neceffary  inftruments, 
are  not  wanting.  However  weak  the  force  of  man  appears  to 
be,  when  unaftifted  by  this  art,  yet  with  its  aid,  there  is  hardly 
any  thing  above  his  reach.  It  is  a  fcience  that  admits  of 
the  ftricteft  evidence ;  and  certainly  it  is  worth  while  to 
eftablifh  it  on  its  juft  principles,  and  to  cultivate  it  with  the 
greateft  diligence. 

O  CD 


it  is  diftinguifhed  by  Sir  Ifaac  Newton  into  practical  and 
rational  mechanics ;  the  former  treats  of  the  mechanical  powers, 
viz,  the  lever,  the  axis  and  wheel ,  the  pulley ,  the  wedge ,  and 
■the  fcrew ,  to  which  the  inclined  plane  is  to  be  added  ;  and  of 
their  various  combinations  together.  Rational  mechanics  com¬ 
prehends  the  whole  theory  of  motion  ;  and  firews,  when  the 
powers  or  forces  are  given,  how  to  determine  the  motions  that 
are  produced  by  them  ;  and,  converfely,  when  the  pheno¬ 
mena  of  the  motions  are  given,  how  to  trace  the  powers  or 
forces  from  which  they  arife.  Thus  it  appears  that  the  whole 
of  natural  philofophy,  belides  the  defcribing  the  phenomena 
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of  nature,  is  little  more  than  the  proper  application  of  rational 
mechanics  to  thofe  phenomena  *,  in  tracing  the  powers  that 
operate  in  nature  from  the  phenomena,  we  proceed  by  analyfis  \ 
and  in  deducing  the  phenomena  from  the  powers  or  caufes  that 
produce  them,  we  proceed  by  fynthefis .  But  in  either  cafe*, 
in  order  to  proceed  with  certainty,  and  make  the  greateft  ad¬ 
vances,  it  is  necefiary  that  the  principles  of  this  art  fhould  be 
premifed  and  clearly  eftablifhed,  being  the  grounds  of  our 
whole  work.  We  have  already  confidered  the  inertia  or  paffive 
nature  of  body,  according  to  which  it  perfeveres  in  its  ftate  of 
motion  or  rdf,  receives  motion  in  proportion  to  the  force  im- 
preft,  and  refills  as  much  as  it  is  refilled  ;  which  is  the  fum  of 
the  three  general  laws  of  motion  :  from  which,  and  their 
general  corollaries,  demonftrated  in  the  laft  chapter,  we  are 
now  to  deduce  the  principles  of  mechanics.  As  thefe  laws 
and  their  corollaries  take  place,  thoJ  the  caufes  of  the  motions, 
the  nature  of  the  impreft  force,  or  of  the  refiftance,  be  unknown 
or  obfcurely  underftood ;  fo  the  obfcurity  of  the  nature  and 
caufe  of  the  power  that  produces  the  motions^  does  not  hinder 
ns  from  tracing  its  effeds  in  mechanics  with  fufficient  evidence,, 
provided  we  can  fubjed  its  adion  to  a  juft  menfuration  r  and,, 
in  fad,  we  know  that  excellent  contrivances  have  been  invented 
for  railing  weights,  and  overcoming  their  refiftances,  by  fuch 
as  gave  themfelves  no  trouble  to  enquire  into  the  caufe  of 

gravity. 

2.  In  treating  of  the  mechanical  engines,  we  always  con- 
fider  a  weight  that  is  to  be  raifed,  the  power  by  which  it  is  to> 
be  raifed,  and  the  injlrument  or  engine  by  which  this  effed  is 
to  be  produced.  There  are  two  principal  problems  that  ought 
to  be  refolved  in  treating  of  each  of  them.  The  firft  is,  “  to 
determine  the  proportion  which  the  power  and  weight  ought 

to  have  to  each  other,  that  they  may  juft  fuftain  one  another, 
„  or 
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or  be  in  (equilibria”  The  ftcond  is,  “  to  determine  what: 
ought  to  be  the  proportion  of  the  power  and  weight  to  each 
other,  in  a  given  engine,  that  it  may  produce  the  gj-eatefl  effect 
poffihle^  in  a  given  time”  All  the  writers  on  mechanics  treat 
of  the  firft  of  thefe  problems,  but  few  have  conftdered  the 
•  fecond  ;  tho’  in  practice  it  be  equally  ufeful  as  the  other.  As 
to  the  flrlL,  there  is  a  general  uniform  rule  that  holds  in  all  the 
powers,  is  founded  on  the  laws  of  motion,  and  is  another  in¬ 
stance  of  the  beauty  and  harmony  that  refults  from  the  fim- 
plicity  of  the  theory  of  motion  defcribed  in  the  laft  chapter. 
Suppofe  the  engine  to  move,  and  reduce  the  velocities  of  the 
power  and  weight  to  their  refpeCtive  directions  in  which  they 
aCt;  find  the  proportion  of  thofe  velocities  ;  then  if  the  power 
be  to  the  weight,  as  the  velocity  of  the  weight  is  to  the  velo¬ 
city  of  the  power,  or,  (which  amounts  to  the  fame  thing)  if 
the  power  multiplied  by  its  velocity  give  the  fame  produCt  as 
the  weight  multiplied  by  its  velocity,  this  is  the  cafe  wherein  the 
power  and  weight  fuftain  each  other  and  are  in  cequilibrio  :  fo 
that  in  this  cafe,  the  one  wTould  not  prevail  over  the  other,  if 
the  engine  was  at  reft  ;  and,  if  it  is  in  motion,  it  would  con¬ 
tinue  to  proceed  uniformly,  if  it  was  not  for  the  friction  of  its 
parts,  and  other  refiftances*  This  principle  has  a  plain  analogy 
to  that  by  which  the  equality  of  the  motions,  or  forces,  of 
bodies  was  determined  in  general,  in  chap.  2.  §  19.  For,  as 
the  motion  of  bodies  are  equal,  and  deftroy  each  others  effeCt,,. 
if  their  directions  are  contrary,  when  the  firft  is  to  the  fecond,, 
as  the  velocity  of  the  fecond  is  to  the  velocity  of  the  firft, 
the  greater  velocity  of  the  lefter  body  juft  compenfating  its 
deficiency  in  quantity  of  matter ;  fo  the  actions  of  the  power 
and  weight  are  equal,  and  deftroy  each  others  effeCt  upon  the 
engine,  when  the  power  is  to  the  v/eight,  as  the  velocity  of 
the  weight  i&  to  the  velocity  of  the  power.  But  tho’  it  is; 

.  "  *  c.  j  :  ufeful 


!5o  Sir  'ISAAC  NEWTON’S  Book  II. 

ufeful  and  agreeable,  to  obferve  how  uniformly  this  principle 
prevails  in  engines  of  every  fort,  throughout  the  whole  me¬ 
chanics,  in  all  cafes  where  an  t ■equilibrium  takes  place  ;  yet  it 
would  not  be  right  to  reft  the  evidence  of  fo  important  a  doc¬ 
trine  upon  a  proof  of  this  kind  only.  Therefore  we  fhall 
monftrate  the  law  of  the  (equilibrium  in  the  lever  or  veSlis  (which 
is  the  foundation  of  all  the  other  propofttions  of  this  kind  in 
mechanics)  by  a  new  method,  that  feems  to  us  to  be  founded 
on  the  plaineft  and  moft  evident  principles  ;  to  which  we  fhall 
fubjoin  the  demonftration  given  by  Sir  Ifaac  Newton  of  the 
fame  law,  and  that  which  is  alcribed  to  Ni  chimedes . 

3.  In  the  firfi  place  it  is  evident,  that  if  equal  powers  adt  at 
equal  diftances  on  different  ftdes  of  the  prop,  or  centre  of  mo¬ 
tion  with  directions  oppoftte  and  parallel  to  each  other,  they 
will  have  the  fame  effedt.  Thus,  ab  {Fig.  18.)  being  bifedled 
in  c,  if  a  power  a  adt  upon  the  lever  in  the  diredtion  a  f,  and 
an  equal  power  b  adt  upon  it  with  an  oppoiite  and  parallel  di¬ 
rection  b  e,  then  the  effedts  of  thofe  powers,  to  move  the  lever 
about  the  centre  c,  will  be  precifely  equal  ;  lo  that  the  one 
may  be  always  fubftituted  for  the  other.  A  fecond  principle 
is,  that,  gravity  being  fuppofed  to  adt  in  parallel  lines,  if  the 
prop  c  ( Fig .  19 .».  1.)  be  between  the  bodies  a  andn,  itmuftbear 
the  fum  of  their  weights  ;  becaufe  the  lever  being  loaded  with 
thofe  weights,  it  muft  give  way  if  the  prop  does  not  fuftain 
t'heir  fum;  but  that  when  the  powers  a  and  b  are  on  the  fame  fide 
of  the  prop  or  fulcrumc,  (Fig.  19 -n.  2.)in  which  cafeone  of  them, 
as  a,  muft  pull  upwards,  while  the  other  b  pulls  downwards, 
that  there  may  be  an  a equilibrium ,  it  is  then  only  loaded  with 
the  difference  of  the  powers  a  and  b.  The  one  of  thofe  cafes 
always  follows  from  the  other,  if  we  confifler,  tiiat  in  tne  cafe 
of  the  1 equilibrium ,  any  one  of  the  three  powers  that  adt  at  A, 
e  and  c,  may  be  confidered  as  that  oi  the  prop,  and  tn_ 
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other  two  as  endeavouring  to  turn  the  lever  about  it.  From 
thefe  principles  we  deduce  the  law  of  the  equilibrium  in  the 
lever,  in  the  following  manner. 

4.  Suppofing  firft  two  equal  powers,  a  and  b  [Fig,  20.) 
aCting  in  the  directions  af,  bh,  to  carry  a  body  c,  upon  the 
lever  a  b,  placed  at  c  at  equal  diftances  from  them  ;  it  is  evi¬ 
dent,  that,  in  this  cafe,  each  of  the  powers  a  and  b  fuflains 
one  half  of  the  weight  c,  by  dividing  it  equally  between  them. 
Imagine  now  that  the  power  a  is  taken  away,  and  that  inftead 
of  refling  upon  it,  the  end  a  of  the  lever  refls  upon  a  prop  at 
a  ;  it  is  manifefl  that  the  power  b,  and  the  prop  at  a,  fuflain, 
as  before,  each  one  half  of  the  weight  c  •  the  prop  now  aCtingr 
in  every  refpeCf,  as  the  power  at  a  before  ;  and,  the  equilibrium 
continuing,  it  appears,  that,  in  this  cafe,  a  power  b  equal  to 
one  half  of  the  weight  c  fuflains  and  ballances  it,  when  the 
diflance  of  c  from  the  prop  a  is  one  half  of  the  diflance  of  b 
from  the  fame  ;  that  is,  when  b  is  to  c,  as  c  a  to  b  a,  or 
bx  b  a=cx  ca.  From  this  fimple  inflance  we  fee,  that  powers 
ad  upon  a  lever  not  by  their  abfolute  force  only,  but  that  their 
effeCt  neceffarily  depends  upon  the  diflance  of  the  point  where 
they  act  from  the  prop,  or  cen  tre  of  motion  ;  and  particularly r 
that  a  power  ballances  a  double  power  which  aCts  at  half  its 
diflance  from  the  prop,,  on  the  fame  fide  of  it,  with  an  op- 
pofite  direction. 

The  cafe  when  the  two  powers  act  on  different  fides  of  the 
prop,  follows  from  this,  by  the  principles  laid  down  in  the  laft 
article.  For  let  bh  and  cg  (Fig.  21.)  reprefent  the  directions, 
and  forces  with  which  the  powers  b  and  c  act  upon  the  lever  ; 
upon  b  a  produced  take  a  e  equal  to  a  c,  or  \  a  b,  and  in  place 
of  the  power  cg  fubflitute  an  equal  power  ek  at  e,  with  an 
3  oppofke 
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onoofite  diredion  ;  and,  by  the  firft  of  thofe  principles,  this 
power  ek  will  have  the  fame  effed  as  co,  only  the  prop, 
or  centre  of  motion,  a  will  now  fuftain  the  fum  of  the  forces 
e  k  and  b  h,  by  the  fecond  principle  in  the  laff  article.  But 
the  (equilibrium  between  the  powers  eh  and  ek  will  continue 
as  it  was  before  between  bh  and  cg  ;  fo  that  the  powers  bh 
and  e  k  will  be  in  xquilibrio ,  when  the  power  b  h  is  one  half  or 
e  k,  and  the  diflance  of  e  k  from  the  prop  a  is  one  half  of  the 
diftance  of  b  h  from  the  fame ;  that  is,  when  the  power  at  b  is 
to  the  power  at  e,  as  ae  to  ab,  or  bxba  =  exea.  In  this 
cafe,  the  prop  a  being  loaded  with  both  the  powers  b  and  e 
which  ad  with  the  fame  diredion,  its  readion  muft  be  equal 
to  their  fum  ek  +  bh=3bh,  and  muft  be  in  the  oppofite  di¬ 
redion  a f.  In  place  of  this  readion  let  us  now  (Fig.  22.) 
iubftitute  a  power  af  at  a,  equal  to  thrice  bh  ;  and  in  place 
of  the  power  ek,  let  us  fubftitutea  prop  at  e,  Maining  that 
end  of  the  lever  BE  ;  and  fince  the  (equilibrium  continues  as 
before,  it  follows  that  the  prop,  or  centre  of  motion,  being  at 

the  power  bh  fuftains  the  power  af  which  is  triple  of  bh, 
when  the  diftance  of  bh  from  the  prop  e  is  triple  of  the  dif¬ 
tance  of  the  power  af  from  the  fame,  tnat  is,  when  bhxbe 

—  A  FX  AE. 

If  we  fuppofe  the  power  ek  to  remain  (Fig.  23.)  but  the  end 
b  of  the  lever  eb  to  reft  upon  a  prop,  then  the  powers  af  and 
e  k  will  Main  and  ballance  each  other,  the  prop  at  b  now 
coming  in  place  of  the  power  bh;  in  which,  af  =  3bh,  and 
e  it  —  2  b  H  ;  fo  that  a  f  is  to  e  k  as  3  to  2  ;  and  the  diftances 
e  b  and  a  b  being  in  the  fame  proportion,  it  appears  that  when 
two  powers  in  the  proportion  of  3  to  2  ad  upon  a  lever  on  the 
fame  fide  of  the  prop,  or  centre  of  motion,  with  oppofite  di- 

reftions,  at  diftances  in  the  proportion  of  2  to  3,  they  then 

fuftain 
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fuftain  each  other.  We  have  demonftrated  therefore,  that 
when  the  powers  are  in  the  proportion  either  of  2  to  1 ,  or  of 
3  to  1,  or  of  3  to  2,  and  the  diftances  of  their  application 
from  the  centre  of  motion  are  in  the  inverfe  proportion,  then 
thofe  powers  ballance  each  other  or  are  in  ^equilibria. 

3.  Upon  be  produced  {Fig.  24.  n.  1.)  take  el  =  ea  •  and 
in  place  of  the  power  af  fubftitute  a  power  lm=af,  but  with 
a  contrary  dire&ion  ;  this  power  l  m  will  have  the  fame  effect 
to  turn  the  lever  round  the  centre  of  motion  e  as  af  had, 
by  the  firft  principle  in  §  3  ;  confequently  it  will  be  in  cequF 
librio  with  the  power  bh,  as  af  was.  Therefore  when  two 
powers  l  m  and  b  h,  in  the  proportion  of  3  to  1 ,  adt  upon  a 
lever  with  the  fame  direction,  they  are  in  (Equilibria ,  if  their 
diftances  from  the  centre  of  motion  l  e  and  e  b  be  in  the  ratio 
of  1  to  3  ;  that  is,  when  lmxle=bhxbe.  In  this  cafe,  the 
powers  l  m  and  b  h  adting  with  the  fame  diredtion,  the  prop  e 
mu  ft  fuftain  their  fum  lm+bh=4bh,  by  the  fecond  principle 
of  §  3.  Therefore  a  power  at  l  as  3,  and  a  power  acting  at 
b  with  the  fame  direction  as  1,  are  fuftained  by  a  power  adting 
at  e,  with  a  contrary  direction,  as  4.  From  which  it  follows, 
by  fubftituting  in  the  place  of  the  power  l  m  a  prop  at  l,  that 
a  power  at  b  as  1  fuftains  a  power  at  e  as  4,  adting  with  a 
contrary  direction,  when  bl  is  to  el  as  4  to  1  ;  that  is, 
when  the  powers  are  inverfely  as  their  diftances  from  the  prop, 
or  centre  of  motion.  By  fubftituting  the  prop  at  b  in  the  place 
of  the  power  bh,  it  appears  that  a  power  lm  at  l,  as  3,  fuf¬ 
tains  a  power,  adting  with  an  oppoftte  direction,  at  e,  as  4,  when 
their  diftances  l  b  and  e  b  from  the  prop  b,  are  to  each  other 
as  4  to  3,  or  when  lmxlb-ekxeb.  By  taking  upon  l  b  pro¬ 
duced  b^=be,  {Fig.  24. 7t.  2.)  and  in  place  of  the  power  at  e,  fub¬ 
ftituting  an  equal  power  at  e  with  a  contrary  direction,  it  appears, 
by  the  firft  principle  in  §  3.  that  a  power  at  l  as  3  fuftains  a  power 
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a&ing  at  e>  with  the  fame  direction,  as 4,  when  the  diftance  lb  is  to 
the  diftance  *b,  as  4  to  3.  In  this  cafe,  the  prop  at  b  fuftains  the 
fum  of  the  powers  acting  at  l  and  e,  that  is,  a  power  equal  to 
feven  times  b  h.  From  which  it  follows,  by  fubftituting  a  prop  at 
l,  or  e,  in  place  of  the  powers  that  act  tnere,  that  a  power  at 
c  as  4  fuftains  a  power  at  b  as  7,  about  the  centre  of  motion  l, 
when  their  diftances  from  it  eh,  bl  are  to  each  other  as  7  to 
4  :  and  that  a  power  at  l  as  3  fuftains  the  power  at  b  as  7, 
about  the  centre  of  motion  e,  when  their  diftances  from  it,  l  e 
and  Be,  are  to  each  other  as  7  to  3. 

6.  By  proceeding  in  this  manner  it  appears,  that  when  the 
powers  are  to  each  other  as  number  to  number,  and  when  theii 
diftances  from  the  centre  of  motion  are  in  the  inverfe  ratio  of 
the  fame  numbers,  then  the  powers  fuftain  each  other,  or  are 
m  cequilibrio.  From  which  it  is  eafy  to  {hew,  in  general,  tnat 
when  the  powers  are  to  each  other  in  any  ratio,  tho  incom- 
menfurable,  and  the  diftances  of  their  application  from  the 
centre  of  motion  in  the  fame  inverfe  ratio,  then  they  are  in 
cequilibrio  ;  becaufe  the  ratio  of  incommenfurable  quantities 
may  be  always  limited,  to  any  degree  of  exactnefs  at  pleafure, 
between  a  greater  and  a  lefler  ratio  of  number  to  number. 
And  this  I  take  to  be  the  moft  dired  and  natural  proof  of 
the  law  of  a equilibrium  in  the  lever,  the  fundamental  propofttioii 
of  mechanics.. 

7.  When  the  centre  of  motion  c  is  between  the  bodies  a  and 
jb\;  it  is  the  fame  point  which  was  called  their  centre  of  gravity, 
chap.  2.  §  13.  And  hence  it  appears,  that  when  the  two 
bodies  are  fuppofed  to  be  joined  by  an  inflexible  rod  void  of 
gravity,  if  the  centre  of  gravity  be  fuftained*  then  the  bodies 
(hall  be  fuftained* 
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If  two  powers  or  weights,  b  and  d  [Fig.  25.)  ad  upon  a 
lever  at  the  diftances  bc  and  dc  from  the  centre  of  motion, 
the  forces  with  which  they  ad  upon  the  lever  fhall  be  in  the 
fame  proportion  of  bxbc  to  dxdc;  that  is,  in  the  ratio  com¬ 
pounded  of  the  ratio  of  the  powers,  or  weights,  and  that  of  their 
diftances  from  the  centre  of  motion.  For  the  effort  of  b  is 
fuftained  by  a,  if  ax  a  c  be  equal  to  bxbc  ;  and  the  effort  of 
the  power  d  is  fuftained  by  k  applied  at  the  diftance  c  a,  if 
kxac^dxdc,  But  the  efforts  of  the  powers,  or  weights,  b 
and  d,  upon  the  lever,  are  in  the  fame  proportion  to  each 
othef  as  the  powers  a  and  k,  which,  applied  at  the  fame 
diftance  c  a  from  the  centre  of  motion,  fuftain  them,  or  as 
ax  a  c  to  kx  ac,  and  therefore  as  bxbc  to  dxdc.  From  this 
it  appears,  that  when  any  number  of  powers  ad  upon  a  lever, 
if  the  fum  of  the  produds  that  arife  by  multiplying  each  power 
by  its  refpedive  diftance  from  the  centre  of  motion,  on  on  e  ffde 
of  it,  be  equal  to  the  fum  of  the  produds  that  arife  by  mul¬ 
tiplying  each  power  on  the  other  ffde  of  the  centre  of  motion 
by  its  refpedive  diftance  from  it,  then  thefe  powers  fuftain  each 
other,  and  the  lever  is  in  cequilibrio.  But  by  what  was  fhewn 
in  §  13.  chap.  2.  the  centre  of  motion  coincides,  in  this  cafe, 
with  what  was  there  called  the  centre  of  gravity.  Therefore 
if  any  number  of  powers  or  weights  ad  upon  a  lever,  and, 
their  centre  of  gravity  being  determined  by  the  conftrudion  in 
that  article,  if  the  prop  or  fulcrum  be  applied  at  this  centre, 
the  lever  fhall  be  in  cequilibrio .  In  the  fame  manner,  if  any 
number  of  powers  or  weights  be  applied  upon  a  plane  that 
refts  upon  a  given  right  line  1  l,  [Fig.  26.)  and  the  centre  of 
gravity  of  all  the  powers  or  weights  fall  upon  that  line,  the 
plane  fhall  be  in  cequilibrio  :  for,  by  that  article,  the  fums  of 
the  produds  that  arife  by  multiplying  each  power  by  its  re¬ 
fpedive  diftance  from  the  axis  of  motion,  being  equal  on 
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the  different  Tides  of  this  axis,  their  efforts  to  move  the  plane 
mull  be  equal  and  contrary,  and  deftroy  each  others  efted. 
Therefore  as  the  ftate  of  any  fyftem  of  bodies,  as  to  motion  or 
reft,  depends  011  the  motion  or  reft  of  the  point  called  the 
centre  of  gravity,  by  what  was  fhewn  above  in  the  laft 
chapter  ;  fo  it  is  another  notable  property  of  this  point,  that 
if  the  bodies  be  joined  together,  and  to  it,  by  inflexible  lines 
void  of  gravity,  and  this  point  be  fuftained,  the  whole  fyftem 
fhall  be  fuftained  and  remain  in  cequilibrio . 

8.  When  any  powers  B.and  d  [Fig.  25,  26.)  a 61  upon  a 
lever,  endeavouring  to  turn  it  about  the  centre  of  motion  t,  or 
when  they  ad  upon  a  plane,  endeavouring  to  turn  it  about  the 
axis  of  motion  il,  their  effed  is  the  fame  as  if  a  power  or 
weight  equal  to  their  fum  was  fubftituted  in  place  of  them 
at  their  common  centre  of  gravity  n.  For,  by  §  14.  chap.  2. 

bxbc-}-dxdc^bTdxnc  ;  or  if  zb,  T>dy  n  n  be  perpendicular  to 
il  in  the  points  b,  d,  ny  then,  by  the  fame  article  bxb^  +  dx 

d^bTdxn^.  If  G,  the  centre  of  gravity  of  all  the  powers, 
or  weights,  that  ad  upon  the  lever,  fall  on  one  fide  of  c  the 
centre  of  motion ;  or  the  centre  of  gravity  of  all  the  powers 
that  ad  upon  the  plane,  is  on  one  fide  of  the  axis  1  l  ;  then 
the  preponderancy  will  be  on  that  fide,  and  will  be  the  fame  as 
if,  in  place  of  all  thofe  powers,  one  power  equal  to  their  fum 
was  fubftituted  at  their  common  centre  of  gravity.  For  it  was 

fhewn  that  b  x  b  c  4 d  x  d  c— ax  a c— a  +  b  4-d  x  gc,  when  the  power 
a  ads  on  one  fide  and  the  powers  b  and  d  on  the  other. 
Therefore,  as  when  the  centre  of  gravity  of  the  powers  refts 
upon  the  centre  of  motion,  the  whole  is  in  t -equilibria ,  and  the 
prop  c  fuftains  a  force  equal  to  their  fum  ;  fo  when  the  centre 
of  gravity  is  not  fuftained  by  the  prop,  but  falls  on  one  fide  of 
it,  the  preponderancy  is  on  that  fide,  and  is  the  fame  as  if 
■  all 
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all  the  powers  or  weights  were  collected  together  at  that 
centre.  The  analogy  between  thefe  ffatical  theorems,  and 
thofe  in  the  theory  of  motion  relating  to  this  centre,  defcribed 
in  the  laft  chapter,  deferve  our  attention  ;  and  farther  illuffrate 
the  {Simplicity  of  this  do&rine  and  the  harmony  of  all  its 
parts. 

9.  Sir  Ifaac  Newton  demonffrates  the  fundamental  propofi-* 
tion  concerning  the  lever,  from  the  refolution  of  motion.  Let 
c  (j Fig.  27.)  be  the  centre  of  motion  in  the  lever  kl  ;  let  a  and 
b  be  any  two  powers,  applied  to  it  at  k  and  l,  acfring  in  the 
directions  ka  and  lb.  From  the  centre  of  motion  c,  let  cm 
and  c  n  be  perpendicular  to  thofe  directions  in  m  and  n  ;  fup- 
pofe  c  m  to  be  lefs  than  c  n,  and  from  the  centre  c,  at  the 
diftance  c  n,  defcribe  the  circle  n  h  d,  meeting  k  a  in  d.  Let 
the  power  a  be  reprefen  ted  by  da,  and  let  it  be  refolved  into 
the  power  d  g  acting  in  the  direction  c  d,  and  the  power  d  f 
perpendicular  to  c  d,  by  compleating  the  parallelogram  afdg, 
The  power  d  g,  acting  in  the  direction  c  d  from  the  centre  of 
the  circle,  or  wheel,  d  h  n  towards  its  circumference,  has  no 
effect  in  turning  it  round  the  centre,  from  d  towards  h,  and 
tends  only  to  carry  it  off  from  that  centre.  It  is  the  part  d  f 
only  that  endeavours  to  move  the  wheel  from  d  towards  h  and 
n,  and  is  totally  employed  in  this  effort.  The  power  b  may  be 
conceived  to  be  applied  at  n  as  well  as  at  l,  and  to  be  wholly 
employed  in  endeavouring  to  turn  the  wheel  the  contrary  way, 
from  n  towards  h  and  d.  If  therefore  the  powrer  b  be  equal 
to  that  part  of  a  which  is  reprefented  by  d  f,  thefe  efforts, 
being  equal  and  cppofite,  muff  defrroy  each  others  effect  •  that 
is,  when  the  power  b  is  to  the  power  a,  as  d  f  to  da,  or, 
(becaufe  of  the  frrnilarity  of  the  triangles  afd,  d  m  c)  as  c  m 
to  cd,  or  as  c  m  to  c  n,  then  the  powers  muff  be  in  aequilibrio ; 
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and  thofe  powers  always  fuftain  each  other  that  are  in  the  in- 
verfe  proportion  of  the  diftances  of  their  directions  from  the 
centre  of  motion  ;  or,  when  the  produCt  of  the  one  power 
multiplied  by  the  diftance  of  its  direction  from  the  centre,  is 
equal  to  the  produCt  of  the  power  on  the  other  tide  multiplied 
by  the  like  diftance  from  it. 

10.  The  demonftration  commonly  afcribed  to  Archimedes 
is  founded  upon  this  principle,  that  when  any  cylindric  or 
prifmatic  body  is  applied  upon  a  lever,  it  has  the  fame  effeCt 
as  if  its  whole  weight  was  united  and  applied  at  the  middle 
point  of  its  axis.  Let  a  b  [Fig.  28.)  be  a  cylinder  of  an  uni¬ 
form  texture,  c  its  middle  point ;  and  it  is  manifeft,  that 
if  the  point  c  be  fupported,  the  equal  halves  of  the  cylinder* 
c  a  and  c  b,  will  ballance  each  other  about  the  point  c,  and 
the  body  will  remain  in  (equilibria .  Let  the  cylinder  a  b  be 
diftinguifhed  into  any  unequal  parts,  a  d  and  d  b  ;  bifeCt  a  d 
in  e,  and  d  b  in  f  ;  then  a  power  applied  at  e,  equal  to  the 
weight  of  the  part  a  d,  with  a  contrary  direction,  will  fuftain 
it  ;  and  a  power  applied  at  f,  equal  to  the  weight  of  the  part 
d  b,  with  a  contrary  direction,  will  fuftain  that  part  ;  fo  that 
thefe  two  powers  aCting  at  e  and  f,  refpeCtively  equal  to  the 
weights  of  a  d  and  d  b,  have  precifely  the  fame  effeCt  as  a 
prop  at  c,  fuftaining  the  whole  cylinder  a  b,  and  may  be  con- 
lidered  as  in  czquilibrio  with  a  pov/er,  aCting  at  c,  equal  to  the 
whole  weight  of  the  cylinder.  But  the  diftance  c  e  -c  a  —  a  e 
=  -ab-’ ad  =  -db;  and,  in  like  manner,  the  diftance  c  f 
=  CB-BF=-!  ab-Jd  b  =  I  a  d  ;  confequently  c  e  is  to  c  f,  as 
i)  b  to  a  d  ;  that  is,  as  the  power  applied  at  f  to  the  power 
applied  at  e,  thefe  being  in  cequilibrio  with  the  weight  of  the 
whole  cylinder  applied  at  c.  From  which  it  appears,  that 
powers  applied  at  e  and  f,  which  are  to  each  other  in  the 

proportion 
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proportion  of  c  f  to  ce,  fuftain  one  another  about  the 
centre  c. 

11.  Suppofe  the  lever  a  b  [Fig.  29.)  with  the  weights  a  and 
b,  to  turn  round  the  centre  c  ;  the  bodies  a  and  b  will  de- 
fcribe  Emilar  arcs  a  a  and  b  b  ;  and  a  a  will  be  to  b  b ,  as  c  a  to 
c  b,  or  as  b  to  a  ;  confequently  ax  k  a  —  ^x^b  ;  that  is,  the 
momenta ,  or  quantities  of  motion,  of  A  and  b  will  be  equal  ; 
and  conftdering  one  of  them  as  the  power  and  the  other  as  the 
weight,  the  power  will  be  to  the  weight,  as  the  velocity  of  the 
weight  to  the  velocity  of  the  power.  Therefore  in  this,  as  in 
all  mechanical  engines,  when  a  fmall  power,  raifes  a  great 
weight,  the  velocity  of  the  power  is  much  greater  than  the 
velocity  of  the  weight  ;  and  what  is  gained  in  force  is  there¬ 
fore  faid  to  be  loft  in  time.  In  like  manner,  when  a  number  of 
powers  are  fuppofed  to  acft  upon  the  lever,  and  it  is  turned 
round  about  their  common  centre  of  gravity  c,  the  fums  of 
the  momenta  on  the  different  fides  of  c  are  equal. 

1 2.  The  lever,  or  veEfis ,  is  commonly  diftinguifhed  into  three 
kinds.  In  the  fir  ft ,  the  centre  of  motion  is  between  the  power 
and  weight.  In  the  fecond ,  the  weight  is  on  the  fame  fide  of 
the  centre  of  motion  with  the  power,  but  applied  between 
them.  In  the  thirds  the  power  is  applied  between  the  weight 
and  centre  of  motion.  In  this  laft,  the  power  muft  exceed 
the  weight,  in  proportion  as  its  diftance  from  the  centre  of  motion 
is.  lefs  than  the  diftance  of  the  centre  from  the  weight.  But  as 
the  firft  two  ferve  for  producing  a  flow  motion  by  a  fwift  one  ; 
fo  the  laft  ferves  for  producing  a  fwift  motion  of  the  weight 
by  a  flow  motion  of  the  power.  It  is  by  this  kind  of  levers 
that  the  mufcular  motions  of  animals  are  performed  ;  the 
mufcles  being  inferred  much  nearer  to  the  centre  of  motion 
than  the  point  where  the  centre  of  gravity  of  the  weight  to  be 
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raifed  is  applied  ;  fo  that  the  power  of  the  mufcle  is  many 
times  greater  than  the  weight  which  it  is  able  to  fuftain.  Tho' 
this  may  appear  at  firft  fight  a  difadvantage  to  animals,  be- 
caufe  it  makes  their  ftrength  lefs  ;  it  is,  however,  the  effed  of 
excellent  contrivance  :  for  if  the  power  was,  in  this  cafe,  ap¬ 
plied  at  a  greater  diftance  than  the  weight,  the  figure  of  ani¬ 
mals  would  not  only  be  awkward  and  ugly,  but  altogether  un¬ 
fit  for  motion  ;  as  Borelli  has  fhewn  in  his  treatife  de  motu 
animalium . 

1 3 .  When  the  two  arms  of  a  lever  are  not  in  a  right  line, 
but  contain  any  invariable  angle  at  c,  [Fig.  30.)  the  law  of 
the  c equilibrium  is  the  fame  as  in  the  former  cafe  ;  that  is,  if 
the  power  p  be  applied  at  b  to  the  arm  cb,  and  the  weight  w 
ad,  by  means  of  a  pulley  m,  in  the  diredion  a  m  perpendicular 
to  the  arm  c  a,  the  power  and  weight  will  fuftain  each  other 
if  p  be  to  w,  as  c  a  to  c  b,  or  pxcb=wxca.  If  feveral  powers 
ad  upon  the  arm  ca,  find  their  centre  of  gravity  a,  on  the 
arm  c  a,  by  §  13.  chap.  2.  fuppofe  all  the  powers  to  be  united 
there  ;  and  if  the  power  p  be  to  their  fum,  as  ca  to  cb,  it 
will  fuftain  them.  The  fum  of  the  powers  being  fuppofed 
given,  it  is  manifeft  that  the  farther  their  centre  of  gravity  a 
is  removed  from  the  centre  of  motion  c,  the  greater  refiftance 
they  will  oppofe  againft  the  power  p,  and  it  will  require  the 
greater  force  in  the  power  to  overcome  them.  From  this 
Galileo  juftly  concludes,  that  the  bones  of  animals  are  the 
ftronger  for  their  being  hollow,  their  weight  being  given  ;  or, 
if  the  arm  cbf  reprefent  their  length,  the  circle  chd  a  fedion 
perpendicular  to  the  length,  p  any  power  applied  along  their 
length,  tending  to  break  them  ;  then  the  ftrength  or  force  of 
all  their  longitudinal  fibres,  by  which  the  adhefion  of  the  parts 
is  preferved,  may  be  conceived  to  be  united  in  a  the  centre  of 
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the  circle  c  h  d,  which  is  the  common  centre  of  gravity  of 
thofe  forces,  whether  the  fed: ion  be  a  circle  or  annulus .  But  it 
is  plain  that  when  the  area  of  the  fedion,  or  the  number  of  fuch 
fibres,  is  given,  the  diftance  c  a  is  greater  when  the  fedion  is 
an  annulus,  than  when  it  is  a  circle  without  any  cavity  ;  con- 
fequently  the  power  with  which  the  parts  adhere,  and  which 
refills  againft  p  which  endeavours  to  feparate  them,  is  greater 
in  the  fame  proportion.  For  the  fame  reafon,  the  (talks  of  corn, 
the  feathers  of  fowls,  and  hollow  fpears,  are  lefs  liable  to  ac¬ 
cidents  that  tend  to  break  them,  than  if  they  were  of  the  fame 
weight  and  length,  but  folid  without  any  cavity.  In  this  in- 
(tance,  therefore,  art  only  imitates  the  wifdom  of  nature. 

14.  The  fame  excellent  author  obferves,  that  in  fimilar 
bodies*  engines,  or  animals,  the  greater  are  more  liable  to  ac¬ 
cidents  than  the  lefler,  and  have  a  lefs  relative  flrength ;  that 
is,  the  greater  have  not  a  (Length  in  proportion  to  their  mag¬ 
nitude.  A  greater  column,  for  example,  is  in  much  more 
danger  of  being  broke  by  a  fall  than  a  fimilar  final  1  one  ;  a 
man  is  in  greater  danger  from  accidents  of  this  kind  than  a 
child  ;  an  infed  can  bear  a  weight  many  times  greater  than 
itfelf,  whereas  a  large  animal,  as  a  horfe,  can  hardly  bear  a 
burthen  equal  to  his  own  weight.  To  account  for  this,  it  will 
be  fufficient  to  fhew,  that,  in  fimilar  bodies  of  the  fame  tex¬ 
ture,  the  force  which  tends  to  break  them,  or  to  make  them 
liable  to  hurtful  accidents,  increafes  in  the  greater  bodies  in  a 
higher  proportion  than  the  force  which  tends  to  prefer ve  them 
entire,  or  fecure  againft  fuch  accidents.  Suppofe  the  fimilar 
beams  abde,  fghk,  (Fig.  31.J  of  a  cylindric  or  priftnatic 
figure,  to  be  fixed  in  the  immoveable  wall  1  l  :  and  let  us  at 
prefent  abftrad  from  any  other  force  that  may  tend  to  break 
them,  befides  their  own  weight.  Bifed  a  b  in  c,  and  fg  in 
m  3  and  their  weights  may  be  conceived  to  be  accumulated  at 
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the  points  c  and  m,  which  are  diredly  under  their  centres  of 
Gravity.  For  the  greater  facility  of  the  computation,  fuppofe 
ab  =  2Fg,  and  confequently  the  weight  of  the  beam  abde 
will  be  eight  times  greater  than  the  weight  of  the  fimilar  beam 
FGHk;  and  the  weight  of  the  former  being  conceived  to  be 
accumulated  in  c,  and  that  of  the  latter  in  m,  and  a  c  being 
double  the  diftance  f  m,  it  follows,  that  the  force  which  tends 
to  break  the  former  at  a,  being  eight  times  greater  than  that 
which  tends  to  break  the  latter  at  f,  and  at  the  fame  time 
acting  at  a  double  diftance,  on  both  thefe  accounts  its  effort 
muft  be  ftxteen  times  greater  than  that  of  the  latter.  Now, 
to  compare  the  forces  which  tend  to  prelerve  thole  beams  entire 
and  fixed  in  the  wall,  let  a  r  e  be  a  fedion  of  the  greater 
beam,  and  f  s  k  a  fedion  of  the  latter,  perpendicular  to  their 
lengths  at  the  points  a  and  f  ;  bifed  a  e  in  py  and  f  k  .in  q  ; 
then  the  number  of  longitudinal  fibres,  whofe  adhefion  tends 
to  preferve  the  beams  entire,  or  rather  the  quantity  of  this  ad¬ 
hefion,  in  the  greater  beam,  will  be  to  the  quantity  of  adhefion 
in  the  lefler  beam,  as  the  area  of  the  fedion  are  to  the  area 
of  the  fedion  f  s  k,  that  is,  in  the  prefent  cafe  (becaufe  of  the 
fimilarity  of  the  figures)  as  the  Iquare  of  a  e  to  the  fquare  of  f  k, 
or  as  4  to  i .  But  the  adhefion  of  the  parts  that  are  in  con- 
tad  with  each  other  in  the  fedion  are  may  be  conceived  to 
be  accumulated  at  p  their  centre  of  gravity  ;  and  the  adhefion 
of  the  parts  in  contad  with  each  other  in  the  fedion  fsk  is  to 
be  conceived  as  accumulated  in  y,  for  the  lame  reafon.  Xne 
adhefion,  therefore,  which  tends  to  prelerve  the  greater  beam 
entire  is  quadruple  of  that  which  tends  to  preferve  the  leffer 
beam  entire,  and  at  the  lame  time  is  to  be  conceived  as  ading  at 
a  double  diftance  from  the  centre  of  motion,  becaufe  Ap  =  2  Fy  ; 
fo  that  the  effort  which  tends  to  preferve  the  greater  beam 
from  breaking,  is  eight  times  greater  than  that  which  tends  to 
preferve  the  leffer  beam  entire.  We  have  found,  therefore, 

that 
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that  the  effort  which  tends  to  break  the  greater  beam  at  a,  is 
fixteen  times  greater  than  that  which  tends  to  break  the  leffer 
beam  at  f  ;  but  that  the  effort,  which,  on  the  other  hand, 
endeavours  to  preferve  the  adhefion  of  the  greater  beam  entire, 
is  only  eight  times  greater  than  that  which  tends  to  preferve  the 
adhefion  in  the  leffer  beam.  In  general,  it  will  eafily  appear, 
in  the  fame  manner,  that  the  efforts  tending  to  deftroy  the  ad¬ 
hefion  of  the  beams,  arifing  from  their  own  gravity  only,  in- 
creafe  in  the  quadruplicate  ratio  of  their  lengths ;  but  that  the 
oppofite  efforts,  tending  to  preferve  their  adhefion,  increafe 
only  in  the  triplicate  ratio  of  the  fame  lengths.  From  which 
it  follows,  that  the  greater  beams  muff  be  in  greater  danger  of 
breaking  than  the  leffer  fimilar  ones  •  and  that,  tho’  a  lefler 
beam  may  be  firm  and  fecure,  yet  a  greater  fimilar  one  may 
be  made  fo  long,  as  neceffarily  to  break  by  its  own  weight. 
Hence  Galileo  juftly  concludes,  that  what  appears  very  firm, 
and  fucceeds  well,  in  models,  may  be  very  weak  and  infirm, 
or  even  fall  to  pieces  by  its  weight,  when  it  comes  to  be  exe¬ 
cuted  in  large  dimenfions  according  to  the  model. 

i  _  * 

15.  From  the  fame  principles  he  argues,  that  there  are  ne¬ 
ceffarily  limits  in  the  works  of  nature  and  art,  which  they  can¬ 
not  furpafs  in  magnitude.  Were  trees  of  a  very  enormous 
fize,  their  branches  would  fall  by  their  own  weight.  Large 
animals  have  not  ftrength  in  proportion  to  their  fize  ;  and  if 
there  .were  any  land-animals  much  larger  than  thofe  we  know, 
they  could  hardly  move,  and  would  be  perpetually  fubjedted  to 
moft  dangerous  accidents.  As  to  the  animals  of  the  fea,  in¬ 
deed,  the  qafe  is  different,  as  the  gravity  of  the  water  fuftains 
thofe  animals  in  great  meafure,  and  in  facff  thefe  are  known 
to  be  fometimes  vaftly  larger  than  the  greateft  land-animals. 
Nor  does  it  avail  againft  this  docffrine  to  tell  us,  that  bones  have 
been  found  which  were  fuppofed  to  have  belonged  to  giants  of 
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an  immenfe  fize,  fuch  as  the  fkeletons  mentioned  by  Strabo 
and  Pliny  ',  the  former  ot  which  was  60  cubits  high,  and  the 
latter  46  ;  for  the  naturalifts  have  concluded,  on  juft  grounds, 
that  in  fome  cafes  thole  bones  had  belonged  to  elephants j  and 
that  the  larger  ones  were  bones  of  whales,  which  had  been 
brought  to  the  places  where  they  were  found,  by  the  revolutions 
of  nature  that  have  happened  in  paft  times.  Tho  it  muft  be 
owned,  that  there  appears  no  reafon  why  there  may  not  have 
been  men  that  have  exceeded,  by  fome  feet  in  height,  the 
talleft  we  have  feen.  The  reader  will  find  a  curious  and  ufeful 
differtation  on  this  fubjed,  by  the  celebrated  Sir  Hans  Sloane , 
in  the  Philofophical  Tranf actions,  or  in  the  Memoir es  de  F  Aca- 
detnie  Roy ale  des  Sciences,  1727.  If,  in  the  other  planets,  the 
fame  law  of  cohefion  and  other  attradions  takes  place  as  in  the 
earth,  it  may  be  of  ufe  that  the  gravity  near  their  furfaces 
fhould  not  be  vaftly  different  from  what  it  is  near  the  furface 
of  the  earth  ;  it  was  perhaps  with  fome  view  to  this,  that 
Sir  Ifaac  Newton  infinuates,  that  it  was  not  without  defign  and 
contrivance  that  the  gravities  at  the  furfaces  of  the  planets 
fhould  differ  fo  much  lefs  from  each  other,  than,  at  firft  fight, 
might  be  expected  from  tne  attradions  of  bodies  of  fo  unequal 

magnitude. 

16.  It  follows,  from  §  14th,  that  in  order  to  make  bodies, 
engines,  or  animals,  of  equal  relative  ftrength,  the  greater 
ones  muft  have  groffer  proportions.  Thus  in  order  that  the 
greater  cylinder  a  b  d  e  may  be  as  firm  and  fecure  agaimt  .acci¬ 
dents  as  the  leffer  cylinder  f  g  h  k,  the  fedion  are  and  its 
diameter  a  e  muft  be  increafed,  till  the  effort  arifing  from  the 
adhefion  of  the  parts  bear  as  great  a  proportion  to  the  effort 
that  tends  to  overcome  this  adheiion,  in  tne  greater,  as  in  the 

leffer  cylinder.  And  this  fentiment  being  luggeftcd  to  us  by 

-  1  per- 
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perpetual  experience,  we  naturally  join  the  idea  of  greater 
ftrength  and  force  with  the  groffer  proportions,  and  the  idea 
of  agility  with  the  more  delicate  ones.  In  archite&ure,  where 
the  appearance  of  folidity  is  no  lefs  regarded  than  real  firmnefs 
and  ftrength,  this  is  particularly  confidered,  in  order  to  fatisfy 
a  judicious  eye  and  tafte  ;  the  various  orders  of  the  columns 
ferving  to  fugged  different  degrees  of  ftrength.  But,  by  the 
fame  principle,  if  we  fhould  fuppofe  animals  vaftly  large,  from 
the  grofs  proportions,  a  heavinefs  and  unwieldinefs  would  ne- 
ceffarily  arife,  which  would  make  them  ufelefs  themfelves,  and 
difagreeable  to  the  eye.  In  this,  as  indeed  in  all  other  cafes, 
whatever  generally  pleafes  taftes  not  vitiated  by  education,  of 
by  fabulous  and  marvellous  relations,  may  be  traced  till  it  ap¬ 
pear  to  have  a  juft  foundation  in  nature  }  tho  the  force  01  ha¬ 
bits  is  fo  ftrong,  and  their  effe&s  upon  our  fentiments  fo  quick 
and  fudden,  that  it  is  often  no  eafy  matter  to  trace,  by  re¬ 
flexion,  the  grounds  of  what  pleafes  us. 

17.  We  have  infilled  at  fo  great  length  on  the  lever,  that 
we  may  be  brief  in  treating  of  the  other  mechanical  powers. 
The  common  bctllancc  is  a  lever  that  has  equal  arms  a  g  and  gb, 
(Fig.  32.)  with  the  centre  of  motion  c  commonly  placed  di¬ 
rectly  over  g.  If  the  centre  of  motion  was  in  g,  equal  weights, 
fufpended  from  a  and  b,  would  fuftain  each  other,  in  any 
pofition  of  the  lever  a  b  ;  but  when  the  centre  of  motion  is 
above  g,  they  fuftain  each  other  when  the  lever  a  b  is  level 
only  ;  and  when  the  weight  at  a  is  but  a  little  greater  than  the 
weight  at  b,  the  ends  a  and  b  defcend  and  afcend  by  turns, 
till  their  common  centre  of  gravity  g  fettles  in  the  vertical  line 
c  g  ;  where  they  fuftain  each  other,  becaufe  their  centre  of 
gravity  is  fuftained  by  c.  The  ballance  is  falfe  when  the  arms 
a  g  and  g  b  are  unequal  :  and  the  exa&nefs  of  this  inftrument 
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chiefly  depends  upon  making  the  friction,  at  the  centre  of 
motion  c,  as  fmall  as  poflible. 

1 8.  The  axis  and  wheel  has  a  near  analogy  to  the  lever  ; 
the  power  is  applied  at  the  circumference  of  the  wheel,  and 
the  weight  is  raifed  by  a  rope  that  is  gathered  up  (while  the 
machine  turns  round)  on  the  axis.  The  power  may  be  con¬ 
ceived  as  applied  at  the  extremity  of  the  arm  of  a  lever  equal 
to  the  radius  of  the  wheel,  and  the  weight  as  applied  at  the  ex¬ 
tremity  of  a  lever  equal  to  the  radius  of  the  axis  ;  only  thofe 
arms  do  not  meet  at  one  centre  of  motion  as  in  the  lever,  but 
in  place  of  this  centre,  we  have  an  axis  of  motion,  viz.  the 
axis  of  the  whole  engine.  But  as  this  can  produce  no  dif¬ 
ference,  it  follows  that  the  power  and  weight  are  in  ^equilibria 
when  they  are  to  each  other  inverfely  as  the  diftances  of  their 
directions  from  the  axis  of  the  engine  ;  or  when  the  power  is  to 
the  weight,  as  the  radius  of  the  roller  to  the  radius  of 
the  wheel,  the  power  being  fuppofed  to  aCt  in  a  per¬ 
pendicular  to  this  radius ;  but  if  the  power  ad  obliquely  to  the 
radius,  fubftitute  a  perpendicular  from  the  axis  on  the  di¬ 
rection  of  the  power,  in  the  place  of  the  radius.  Thus  if 
a  b  d  e  [Fig.  33.)  reprefent  the  cylindric  roller,  h  p  n  the 
wheel,  l  m  the  axis  or  right  line  upon  which  the  whole 
engine  turns,  cl  the  point  of  the  furface  of  the  roller 
where  the  weight  w  is  applied,  p  the  point  where  the  power  is 
applied,  k  cl  the  radius  of  the  roller,  c  p  the  radius  of  the 
wheel  ;  then  if  the  power  p  aCt  with  a  direction  perpendicular 
to  cp,  the  power  and  weight  will  fuftain  each  other  when  p  is 
to  w,  as  k  cl  to  c  p  or  c  h  :  but  if  the  power  aCt  in  any  other 
direction  p  r,  let  c  r  be  perpendicular  from  c,  the  centre  of  the 
wheel,  on  that  direction  ;  then  p  and  w  will  fuftain  each  other 
when  p  is  to  w,  as  k  CLto  c  r  ;  becaufe,  in  this  cafe,  a  power  p 

1  has 
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has  the  fame  effed  as  if  it  was  applied  at  the  point  r  of  its 

direction,  ading  in  a  right  line  perpendicular  to  c  r. 

» 

19.  The  ftmple  pulley  ferves  only  to  change  the  diredion  of 
the  power,  or  motion,  without  any  mechanical  advantage,  or 
any  difadvantage  but  what  arifes  from  the  fridion.  Let  m 
{Fig.  34.)  reprefent  a  fimple  pulley,  p  n  w  the  rope  that  goes 
over  the  pulley  from  the  power  p  to  the  weight  w :  and  it  is 
manifeft,  that  if  p  and  w  be  equal,  they  will  fuftain  each  other 
as  if  fufpended  at  equal  diftances,  m  a  and  m  b,  from  the  centre 
of  the  lever  a  b.  But,  if  befides  the  fixed  pulley  m,  there  be 
[Fig,  35.)  another  moveable  pulley  l,  to  which  the  weight  w  is 
fixed,  and  the  rope  that  goes  from  the  power  p,  over  the 
fixed  pulley  m,  and  under  the  moveable  pulley  l,  be  fixed 
above  at  e,  then  it  is  manifeft  that  the  power  p  fuftains  only 
one  half  of  w,  becaufe  the  rope  k  n  fuftains  only  one  half 
of  it,  the  other  half  being  fuftained  by  the  rope  ke, 

There  is  an  obvious  analogy  between  this  cafe  of  pullies, 
and  that  wherein  a  power  fuftains  a  double  weight  at  half  its 
diftance  from  the  centre  of  motion,  on  the  fame  fide.  For  if 
a  b  be  the  diameter  of  the  pulley  l,  at  whofe  extremities  the 
parallel  ropes,  a  e  and  b  n,  touch  it,  the  power  p  may  be  con¬ 
ceived  to  be  applied  at  b,  the  weight  w  at  l,  and  the  centre  of 
motion  to  be  at  a.  If  we  fuppofe  the  power  p  and  weight  w  to 
move,  as  p  is  equal  to  one  half  of  w,  fo  the  velocity  of  w  is 
one  half  of  the  velocity  of  p,  or  p  multiplied  by  its  velocity 
gives  a  produd  equal  to  w  multiplied  by  its  velocity  ;  for,  that 
the  weight  w  may  be  elevated  one  inch,  each  of. the  parts  of 
the  rope  e  k  and  k  n  muft  be  fhortned  by  one  inch  ;  and  the 
power  p  that  draws  the  whole  rope  from  e  by  k  and  n,  muft  de¬ 
scend  two  inches.  A  fimilar  reafoning  may  be  applied  to  all 
the  combinations  of  pullies. 


20.  When 
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20.  When  a  weight  w  (Fig.  36.)  defcends  along  an  inclined 
■plane  ac,  a  part  of  its  gravity  is  fuftained  by  the  re-adion  of 
the  plane,  and  the  remaining  part  produces  its  motion  along 
the  plane.  Let  a  b  be  the  height  of  the  plane,  b  c  the  bafe, 
and  the  gravity  of  the  weight  w  being  reprefented  by  the  ver¬ 
tical  line  w  m,  let  this  power  be  refolved  into  the  power  w  n 
perpendicular  to  the  plane,  and  w  q  parallel  to  it.  The  former 
w  n  is  deftroyed  by  the  re-adion  of  the  plane,  and  the  latter 
w  q_  is  that  which  produces  the  motion  of  the  body  along  the 
plane.  Becaufe  the  triangles  w qm  and  a  b  c  are  fimilar,  w 
is  to  w  m,  as  ab  to  a  c  ;  and  the  force  with  which  a  body  de¬ 
fcends  along  the  plane  is  to  its  gravity,  as  the  height  of  the 
plane  to  its  length ;  confequently  a  force  ading  upon  the  body 
w,  with  the  direction  q^w  parallel  to  the  plane  ac,  will  fuftain 
it,  if  it  be  to  the  whole  weight  of  the  body,  as  a  b  to  a  c. 

21.  Let  abc  (Fig.  37.)  reprefent  a  wedge  driven  into  the 
cleft  e  d  f,  of  which  d  e  and  d  f  are  the  Tides  ;  and  if  we  fup- 
pofe  thofe  fides  d  e  and  df  to  re-ad  upon  the  wedge  with  di- 
redions  perpendicular  to  de  and  d  f,  let  the  horizontal  line 
e  f  meet  d  f  in  f  ;  then  when  the  force  impelling  the  wedge, 
fuppofed  perpendicular  to  the  horizon,  is  in  cequilibrio  with  the 
refiftances  of  the  Tides  of  the  cleft  d  e  and  d  f,  thefe  three 
powers  are  in  the  fame  proportion  as  the  three  right  lines  e  f, 
d  e  and  d  f.  For  it  follows  from  the  compofition  of  motion, 
that  when  three  powers  are  in  cequilibrrio  with  each  other,  they 
are  in  the  fame  proportion  as  the  three  fides  of  a  triangle  pa¬ 
rallel  to  their  refpedive  diredions,  and,  confequently,  as  the 
three  fides  of  a  triangle  perpendicular  to  their  diredions  ;  fuch 
a  triangle  being  evidently  fimilar  to  the  former.  But  e  f  is 
perpendicular  to  the  direction  in  which  the  weight  of  the  wedge, 

or 
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or  the  power  that  impells  it,  is  fuppofed  to  adl  ;  and  de,  d  f 
are  perpendicular  to  the  directions  in  which  their  refiftances  are 
fuppofed  to  aCt,  confequently  the  power  that  impells  the  wedge 
and  thofe  refiftances  are  in  the  fame  proportion  as.  e  f,  d  e  and 
d  f.  If  other  fuppofitions  are  made  concerning  the  refiftances 
of  the  fides  of  the  cleft  d  e  and  d  f,  the  proportions  of  the 
powers  may  be  determined,  from  the  fame  principles. 

22.  When  a  point  moves  along  the  fide  of  a  cylinder,  with 
an  uniform  motion,  upon  its  curve  furface,  while  this  fide  is 
itfelf  carried  with  an  uniforrn  motion  about  the  axis  of  the  cy¬ 
linder,  the  line  traced,  by  this  compounded  motion,  upon  the 
curve  furface  of  the  cylinder,  is  called  a  fpiraL  When  this 
line  is  raifed  upon  the  external  furface  of  the  cylinder,  it  is  called 
the  external fcrew  ;  but  if  it  is  carried  on  in  the  internal  fur¬ 
face,  it  is  called  the  internal fcrew .  While  one  of  thefe  is  con¬ 
verted  about  the  other,  one  of  them  ought  to  be  fixed  ;  and 
they  form  a  machine  of  great  force  for  fqueezing  or  moving 
bodies.  If  a  power  p  {Fig.  38.)  turn  either  of  the  fcrews  with 
a  direction  parallel  to  the  bafe,  it  will  fuftain  the  weight  w 
which  is  to  be  raifed,  if  it  be  to  w  in  the  fame  proportion  as 
the  diftance  between  the  two  neareft  fpirals  is  to  the  circum¬ 
ference  of  the  circle  defcribed  by  the  power,  p  ;  becaufe  while 
the  power  makes  a  compleat  revolution,  the  fcrew  advances  by 
the  diflance  of  the  two  neareft  fpirals,  and  the  velocity  of  the 
power  is  to  the  velocity  of  the  weight,  as  the  circumference 
defcribed  by  p  to  that  diftance.  The  fame  will  appear  by  con- 
fi  dering  the  fcrew  as  an  inclined  plane  involved  about  a  cylinder^ 
In  this  engine  the  fridtion  is  very  great. 

23.  From  thefe  fimple  machines,  compounded  ones  are 
formed  by  various  combinations,  and  ferve  for  different  pur- 
pofes  ;  in  which  the  fame  general  laws  take  place,  particularly 

Z  that 
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that  which  was  defcribed  in  §  3.  That  the  power  and  Weight 
fuftain  each  other  when  they  are  in  the  inverfe  proportion  of 
the  velocities  which  they  would  have  in  the  directions  wherein 
they  aCt,  if  they  were  put  in  motion.  By  thele  the  famous 
problem  is  refolved,  of  moving  any  given  weight  by  any  given 
power,  provided  the  refiftance  arifing  from  the  friction  can  be 
overcome.  It  being  of  great  importance  to  diminifh  this  fric¬ 
tion,  feveral  contrivances  have  been  invented  for  that  purpofe. 

In  wheel-carriages,  the  friction  is  transferr’d  from  the  circum¬ 
ference  of  the  wheel  (where  it  would  aCt  if  the  wheel  did  not 
turn  round)  to  the  circumference  of  the  axis ;  and,  confe- 
quently,  is  diminifhed  in  the  proportion  of  the  radius  of  the 
axis  to  the  radius  of  the  wheel.  In  thefe,  therefore,  the  fric¬ 
tion  is  always  diminifhed  by  diminifhing  the  diameter  of  the 
axis,  or  by  increasing  the  diameter  of  the  wheel.  The  friCtion 
is  likewile  diminifhed  by  making  the  axis  of  an  engine  to  mil 
upon  the  circumferences  of  wheels  that  turn  round  with  it, 
inftead  of  refting  in  fixed  grooves  that  rub  upon  it ;  for 
by  till :  contrivance,  the  friction  is  transferred  fiom  tne  circum¬ 
ferences  of  thofe  wheels  to  their  pivots  ;  and  the  friction  may 
be  ftill  diminifhed  farther  by  making  the  axles  of  thofe  wheels 
reft  upon  other  friCtion-wheels  that  turn  round;  with  them.  It 
is  hardly  poflible  to  give  general  and  exaCt  rules  concerning 
friCtion,  fince  it  depends  upon  the  ftruCture  of  bodies,,  the  form 
of  their  prominent  parts  and  cavities,  and  upon  tneir  rigidity, 
elafticity,  their  coherence,  and  other  cireumftances.  Some 
authors  have  made  the  friCtion  upon  a  horizontal  plane  equal  to 
one  third  of  the  weight ;  but  others  have  found  that  it  was^ 
only  one  fourth  of  it,  and  fometimes  only  5  or  *-  of  it.  Of 
late,  authors  have  told  us  that  the  friCtion  depends  not  on  tne 
furface  of  the  body,  but  its  weight  only  ;  but  neither  is  this 
found  to  be  accurately  true.  In  lefier  velocities,  the  friCtion  is 

nearly  in  the  fame  ratio  as  the  velocities ;  but  in  greater  velo- 
'  .  cities, 
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cities,  the  friction  iiicreafes  in  a  higher  proportion,  whether  the 
bodies  are  dry  or  oil’d. 

24.  The  fecond  general  problem  in  mechanics,  mentioned 
above,  is,  to  determine  the  proportion  which  the  power  and 
weight  ought  to  bear  to  each  other,  that,  when  the  power  pre¬ 
vails,  and  the  engine  is  in  motion,  the  greateft  effed  poflible 
may  be  produced  by  it  in  a  given  time.  It  is  manifeft  that 
this  is  an  enquiry  of  the  greateft  importance,  tho’  few  have 
treated  of  it.  When  the  power  is  only  a  little  greater  than  that 
which  is  fufficient  to  fuftain  the  weight,  the  motion  is  too 
flow  ;  and  tho’  a  greater  weight  is  raifed  in  this  cafe,  it  is  not 
fufficient  to  compenfate  the  lofs  of  time.  When  the  weight  is 
much  lefs  than  that  which  the  power  is  able  to  fuftain,  it  is 
raifed  in  lefs  time  ;  and  this  may  happen  not  to  be  fufficient  to 
compenfate  the  lofs  ariftng  from  the  fmallnefs  of  the  load.  It 
ought,  therefore,  to  be  determined  when  the  product  of  the 
weight  multiplied  by  its  velocity  is  the  greateft  poffible  ;  for 
this  product  meafures  the  effed  of  the  engine  in  a  given  time, 
which  is  always  the  greater  in  proportion  as  the  weight  that  is 
raifed  is  greater,  and  as  the  velocity  with  which  it  is  raifed 
is  greater.  We  fhall,  therefore,  fubjoin  fome  inftances  of 
this  kind  that  may  be  demonftrated  from  the  common  ele¬ 
mentary  geometry  ;  Vvifhing  that  farther  improvements  may  be 
made  in  this  moft  ufeful  part  of  mechanics. 

25.  When  the  power  prevails,  and  the  engine  begins  to 
move,  the  motion  of  the  weight  is  at  fir  ft  gradually  accelerated. 
The  adion  of  the  power  being  fuppofed  invariable,  its  influence 
in  accelerating  the  motion  of  the  weight  decreafes  while  the 
velocity  of  the  weight  increafes.  Thus  the  adion  of  a  ftream 
of  water,  or  air,  upon  a  wheel  is  to  be  eftimated  only  from  the 
excefs  of  the  velocity  of  the  fluid  above  the  velocity  already 

Z  2  acquired 
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acquired  by  the  part  of  the  engine  which  it  {hikes,  or  from 
their  relative  velocity.  On  the  other  hand,  the  weight  of  the 
load  that  is  be  elevated,  and  the  fridtion,  tend  to  retard  the 
motion  of  the  engine  ;  and  when  thefe  forces,  viz.  thofe  that 
tend  to  accelerate  it,  and  thole  that  tend  to  retard  it,  become 
equal,  the  engine  then  proceeds  with  the  uniform  motion  it 
has  acquired. 

Let  a  b  (Fig.  39.)  reprefent  the  velocity  of  the  Bream,  Acthe 
velocity  of  the  part  of  the  engine  which  it  ftrikes,  when  the  motion 
of  the  machine  becomes  uniform ;  and  c  b  will  reprefent  then- 
relative  velocity,  upon  which  the  effedt  of  the  engine  depends. 
It  is  known  that  the  adtion  of  a  fluid,  upon  a  given  plane,  is 
as  the  fquare  of  this  relative  velocity  ;  confequently,  the 
weight  raifed  by  the  engine,  when  its  motion  becomes  uni¬ 
form,  being,  equal  to  this  adtion,  it  is  likewife  as  the  fquare  of 
c  b.  Let  this  be  multiplied  by  a  c,  the  velocity  of  the  part 
of  the  engine  impell’d  by  the  fluid  ;  and  the  effedt  of  the  en¬ 
gine  in  a  given  time  will  be  proportional  to  acxcb:=  (fup- 
pofing  cb  to  be  bifedted  in  d)  acx  2cdx  2  d  b=4Acxcd*xdb'  ; 
confequently,  the  effedt  of  the  engine  is  greateft  when  the  pro- 
dudt  of  a  c,  c  d,  and  d  b  is  greateft.  But  ft  is  ealy  to  fee, 
that  this  produdt  is  greateft  when  the  parts  a  c,  e  d  and  d  b 
are  equal  ;  for,  if  you  defcribe  a  femicircle  upon  a  and  the 
perpendicular  c  e  meet  the  circle  in  e,  then  acxcd  =  ce2,  and 
is  greateft  when  c  is  the  centre  of  the  circle  ;  fo  that  in  order 
that  acxcdxdb  may  be  the  greateft  poftible,  a  d  muft  be 
bifedted  in  c  ;  and  c  b  having  been  bifedted  in  b,  it  follows 
that  ac,  cd,  d  b  muft  be  equal  ;  or  that  a  c,  the  velocity 
of  the  part  of  the  engine  impelled  by  the  ftream,  ought  to  be 
but  one  third  of  a  b  the  velocity  of  the  ftream.  In  this  cafe, 
when  (abftradting  from  fridtion)  the  engine  adts  with  the  utmoft 
advantage,  the  weight  raifed  by  it  is  to  the  weight  that  would 
juft  fuflain  the  force  of  the  ftream,  as  the  fquare  of  c  b,  the 

4  relative 
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relative  velocity  of  the  engine  and  ftream,  to  the  fquare  of  a  b, 
which  would  be  the  relative  velocity  if  the  engine  was  quief- 
cent;  that  is,  as  2x2  to  3x3  or  4  to  9.  Therefore,  that  the 
engine  may  have  the  greateft  effeft  poflible,  it  ought  to  be 
loaded  with  no  more  than  |  of  the  weight  which  is  juft  able 
to  fuftain  the  efforts  of  the  ftream.  Of  this  the  reader  will  find 
more  in  my  Freatife  of  Fluxions ,  §  908, 

26.  For  another  example,  fuppofe  that  a  given  weight  p, 
(Fig.  40.)  defending  by  its  gravity  in  the  vertical  line,  raifes  a 
greater  weight  w  likewife  given,  by  the  rope  p  m  w  (that  pafles 
over  the  fixed  pulley  m)  along  the  inclined  plane  b  d,  the 
height  of  which  ba  is  given  ;  and  let  it  be  required  to  find 
the  pofition  of  this  plane,  along  which  w  will  be  raifed  in  the 
leaft  time,  from  the  horizontal  line  a  d  to  b.  Let  b  c  be  the 
plane  upon  which  if  w  was  placed,  it  would  be  exa&ly  fuf- 
tained  by  p,  and,  by  §  20.  of  this  chapter,,  p  fhall  be  to  w, 
as  a  b  to  b  c  ;  but  w  is  to  the  force  with  which  it  tends  to  de-> 
fend  along  the  plane  b  d,  as  b  d  to  a  b,  by  the  fame  article  ; 
confequently  the  weight  p  is  to  that  force,  as  bd  to  b  c. 
Therefore  the  excefs  of  p  above  that  force  (which  excefs  is  the 
power  that  accelerates  the  motions  of  p  and  w)  is,  to  p,  as  b  i> 
-bc  to  bd  ;  or,  taking  b  h  upon  b  c  equal  to  b..  d,  as  c  h  to 
b  d.  But  it  is  known  that  the  (paces  defcribed  by  motions  uni¬ 
formly  accelerated  are  in  the  compound  ratio  of  the  forces 
which  produce  them  and  the  fquares  of  the  times  ;  or^  that 
the  fquare  of  the  time  is  diredlly  as  the  fpace  defcribed  in  that, 
time,  and  inverfely  as  the  force  ;  confequently,,  the  fquare  of 
the  time,  in  which  b  d  is  defcribed  by  w,  will  be  direcftly  as 
b  d  and  inverfely  as  and  will  be  leaft  when  is  a  mini¬ 
mum  ;  that  is,  when  BcV+cH42Be,  or  (becaufe  2bc  is  inva¬ 
riable)  when  *-£-+ch  is  a  minimum.  Now  as,  when  the  furn 

of  two  quantities  is  given,  their  product  is  a  maximum  when' 

they 
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they  are  equal  to  each  other  ;  fo  it  is  manifed,  that,  when 
their  produd  is  given,  their  fum  muft  be  a  minimum  when  they 
are  equal.  Thus  it  is  evident,  that,  as  in  the  lad  fedion  the 
redangle  or  produd  of  the  equal  parts  a  c  and  c d  was  ce1; 
fo  the  redangle  or  produd  of  any  two  unequal  parts,  into 
which  a  d  may  be  divided,  is  lefs  than  c  e  \  and  a  d  is  the 
lead  fum  of  any  two  quantities  the  produd  of  which  is  equal 
to  ce\  But  the  produd  of  and  c  h  is  b  c  %  and  confe- 
quently  given  ;  therefore  the  fum  of  and  c  h  is  lead  when 
thefe  parts  are  equal,  that  is,  when  c h  is  equal  to  b  c,  or  bd 
equal  to  2  b  c.  It  appears,  therefore,  that  when  the  power  p 
and  weight  w  are  given,  and  w  is  to  be  raifed  by  an  inclined 
plane,  from  the  level  of  a  given  point  a  to  the  given  point  b, 
in  the  lead  time  poflible,*  we  are  fird  to  find  the  plane  b  c  upon 
which  w  would  be  fudained  by  p,  and  to  take  the  plane  b  d 
double  in  length  of  the  plane  bc;  or,  we  are  to  make  ufe  of 
the  plane  b  d  upon  which  a  weight  that  is  double  of  w  could 
be  fudained  by  the  power  p, 

27.  Let  a  fluid,  moving  with  the  velocity  and  diredion  a  c 
(Fig.  41.)  drike  the  plane  c  e,  and  fuppofe  that  this  plane 
moves  parallel  to  itfelf  in  the  diredion  c  b,  perpendicular  to 
c  a,  or  that  it  cannot  move  in  any  other  diredion  ;  then  let 
it  be  required  to  find  the  mod  advantageous  pofition  of  the 
plane  c  e,  that  it  may  receive  the  greated  impulfe  from  the 
adion  of  the  fluid.  Let  a  p  be  perpendicular  to  c  e  in  p,  draw 
a  k  parallel  to  c  b,  and  let  p  k  be  perpendicular  upon  it  in  k  ; 
and  a  k  will  meafure  the  force  with  which  any  particle  of  the 
fluid  impells  the  plane  5  c,  in  the  diredion  c  b*.  For  the  force 
of  any  fuch  particle  being  reprefented  by  a  c,  let  this  force  be 
refolved  into  a  ^parallel  to  e  c,  and  a  p  perpendicular  to  it; 
and  it  is  manifed,  that  the  latter  a  p  only  has  any  efied  upon 
the  plane  c  e.  Let  this  force  a  p  be  refolved  into  the  force  a  l 

perpendicular 
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perpendicular  to  c  b,  and  the  force  a  k  parallel  to  it ;  then  it  is 
manifeft,  that  the  former,  a  l,  has  no  effeCt  in  promoting  the 
motion  of  the  plane  in  the  direction  c  b  ;  fo  that  the  latter  a  k, 
only,  meafures  the  effort  by  which  the  particle  promotes  the 
motion  of  the  plane  c  e,  in  the  direction  c  B.  Let  e  m  and 
e  n  be  perpendicular  to  c  a  and  cb,  in  m  and  n  ;  and  the 
number  of  particles,  moving  with  directions-  parallel  to  a  c,  in¬ 
cident  upon  the  plane  c  e,  will  be  as  em.  Therefore  the 
effort  of  the  fluid  upon  c  e,  being  as  the  force  of  each  par¬ 
ticle  and  the  number  of  particles  together,  it  will  be  as  akx 

em  ;  or,  becaufe  a k  is  to  ap  (=em,)  as  e  n  to  c  e,  as ; 

fo  that  c  e  being  given,  the  problem  is  reduced  to  this,  to  find 
when  em'xen  is  the  greateft  poflible,  or  a  maximum .  But 
becaufe  the  fum  of  em2  and  of  en1  (=cm2)  is  given,  being 
always  equal  to  ce2,  it  follows  that  en2xem4  is  greateft  when 
en2-^ce2;  in  the  fame  manner  as  it  was  demonftrated  in  § 
25.  that  when  the  fum  of  a  c  and  c  b  was  given,  acxcp/ 
was  greateft  when  ac^ab.  But  when  en  ax  em'4  is  greateft, 
its  fquare-root  enxem1  is  of  neceflity  at  the  fame  time 
greateft.  Therefore  the  aCtion  of  the  fluid  upon  the  plane  c  r 
in  the  direction  c  b  is  greateft  when  en2=^ce%  and  confe- 
quently  em^ce2;  that  is,  when  em  the  fine  of  the  angle 
a  c  e  in  which  the  ftream  ftrikes  the  plane  is  to  the  radius,  as 
v/2  to  v/3  ;  in  which  cafe  it  eaflly  appears,  from  the  trigono¬ 
metrical  tables,  that  this  angle  is  of  54°.  44.. 

28.  Several  ufeful  problems  in  mechanics  may  be  reiolved  by 
what  was  fhewn  in  the  laft  article.  If  we  reprefent  the  velocity 
of  the  wind  by  a  c,  a  feCtion  of  the  fail  of  a  wind-mill  per¬ 
pendicular  to  its  length  by  c  e,  as  it  follows  from  the  nature 
of  the  engine,  that  its  axis  ought  to  be  turned  diredly  towards 
the  wind,  and  the  fail  can  only  move  in  a  direction  perpendi- 
a  cular. 
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cular  to  the  axis,  it  appears,  that,  when  the  motion  begins,  the 
wind  will  have  the  greateft  effedt  to  produce  this  motion,  when  the 
angle  ace  in  which  the  wind  ftrikes  the  fail  is  of  540.  44'.  In  die 
fame  manner,  if  c  b  reprefent  the  direction  of  the  motion  of  a 
fhip,  or  the  poiition  of  her  keel,  abftra<fting  from  her  lee-way, 
and  a  c  be  the  direction  of  the  wind,  perpendicular  to  her 
way,  then  the  moft  advantageous  poiition  of  the  fail  ce,  to  pro¬ 
mote  her  motion  in  the  direction  c  b,  is  when  the  angle  ace, 
in  which  the  wind  ftrikes  the  fail,  is  of  540.  44'.  The  beft 
poiition  of  the  rudder,  where  it  may  have  the  greateft  effetft 
in  turning  round  the  fhip,  is  determined  in  like  manner.  And 
how  this  fame  angle  enters  into  the  determination  of  the  figure 
of  the  rhombus’s  that  form  the  bafes  of  the  cells  in  which  the 
bees  depofite  their  honey,  in  the  moft  frugal  manner,  I  have 
fhewn  in  a  letter  to  the  learned  and  worthy  Mai~tm  Folkes , 
Efq;  prefident  of  the  royal  fociety.  Philofophical  IrcmfaEliom 
N°  471, 

29.  But  it  is  to  be  carefully  obferved,  that  when  the  fine  of 
the  angle  ace  is  to  the  radius  as  ^  2  to  ^  3 ,  or  (which  is  the 
fame  thing)  when  its  tangent  is  to  the  radius,  as  the  diagonal  of 
a  fquare  to  its  fide,  this  is  the  moft  advantageous  angle  only  at 
the  beginning  of  the  motion  of  the  engine ;  fo  that  the  fails  of  a 
common  wind-mill  ought  to  be  fo  fituated,  that  the  wind  may 
indeed  ftrike  them  in  a  greater  angle  than  that  of  540.  44'.  For 
we  have  demonftrated  elfewhere,  that  when  any  part  of  the 
engine  has  acquired  the  velocity  c,  the  effort  of  the  wind  upon 
that  part  will  be  greateft,  when  the  tangent  of  the  angle  in 
which  the  wind  ftrikes  it  is  to  the  radius,  not  as  the  2  to  1, 

but  as  v/2  4™+^  to  1,  the  velocity  of  the  wind  being  repre- 
fented  by  a.  If  for  example  c  —  \  a  then  the  tangent  of  the 
angle  ace  ought  to  be  double  of  the  radius,  that  is,  the 

angle 

# 
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angle  ace  ought  to  be  of  63°.  26'.  If  c  —  a  then  ace  ought 
to  be  of  740.  19'.  This  obfervation  is  of  the  more  importance, 
becaufe,  in  this  engine,  the  velocity  of  the  parts  of  the  fail  re¬ 
mote  from  the  axis,  bear  a  considerable  proportion  to  the  ve¬ 
locity  of  the  wind,  and  perhaps  fometimes  are  equal  to  it ;  and 
becaufe  a  learned  author,  Mr.  Daniel  Bernoulli V,  has  drawn  an 
oppofite  conclufion  from  his  computations  in  his  hydrodynamics , 
by  miftaking  a  minimum  for  a  maximum  ;  where  he  infers,  that 
the  angle  in  which  the  wind  ftrikes  the  fail  ought  to  decreafe 
as  the  diftance  from  the  axis  of  motion  increafes,  that  if  c  —  a 
the  wind  ought  to  llrike  the  fail  in  an  angle  of  450,  and  that, 
if  the  fail  be  in  one  plane,  it  ought  to  be  inclined  to  the  wind, 
at  a  medium ,  in  an  angle  of  about  50°.  How  he  fell  into  thefe 
miftakes,  we  have  explained  elfe where  *.  In  like  manner,  tho' 
the  angle  ace  of  540.  44.  be  the  moll  advantageous  at  thebe- 
ginning  of  the  motion,  when  a  fhip  fails  with  a  iide-wind,  yet 
it  ought  to  be  enlarged  afterwards  as  the  motion  increafes.  In 
general,  let  a^,  parallel  to  c  b,  be  to  a  c,  as  the  velocity  which 
the  engine  has  already  acquired  in  the  direction  c  b,  to  that  of 
the  ftream  ;  upon  a  c  produced  take  ad  to  a  c  as  4  to  3, 
draw  d  g  parallel  to  c  b,  and  let  a  circle  defcribed  from  the 
centre  c  with  the  radius  c  a  meet  d  g  in  g  ;  and  the  plane  c  e 
fhall  be  in  the  moft  advantageous  iituation  for  promoting  the 
motion  of  the  engine,  when  it  bifecfts  the  angle  a  c  g.  It  is 
generally  fuppofed,  that  a  diredl  wind  always  promotes  the 
motion  of  a  fhip,  the  fail  being  perpendicular  to  the  wind, 
more  than  any  fide- wind  ;  and  this  has  been  affirmed  in  feveral 
late  ingenious  treatifes  ;  but,  to  prevent  miftakes,  we  are 
.obliged  to  obferve,  that  the  contrary  has  been  demonftrated  in 
our  treatife  of  fluxions ,  §  919;  where  other  inftances  of  this 

5  ♦  '  i 
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fecond  general  problem  in  mechanics  are  given,  to  which  we 
refer. 

30.  The  mechanical  powers,  according  to  their  different 
ftrudure,  ferve  for  different  purpofes  ;  and  it  is  the  bufinefs  of 
the  fkillful  mechanic  to  chufe  them,  or  combine  them,  in  the 
manner  that  may  be  beft  adapted  to  produce  the  effed  re¬ 
quired,  by  the  power  which  he  is  poffeffed  of,  and  at  the  leaf!: 
expence.  The  lever  can  be  employed  to  raife  weights  a  little 
way  only,  unlefs  the  engine  itfelf  be  moved,  as,  for  example, 
to  raife  ftones  out  of  their  beds  in  quarries.  But  the  axis  and 
wheel  may  ferve  for  railing  weights  from  the  greateft  depths. 
The  pullies  being  eafily  portable  aboard  fhips,  are  therefore 
much  employed  in  them.  The  wedge  is  excellent  for  feparat- 
ing  the  parts  of  bodies  ;  and  the  (crew,  for  compreffing  or 
fqueezing  them  together ;  and  its  great  fridion  is  even  fome- 
times  of  ufe,  to  preferve  the  effed  already  produced  by  it. 
The  ftrength  of  the  engine,  and  of  its  parts,  muff  be  propor¬ 
tioned  to  the  effeds  which  are  to  be  produced  by  it.  As  we 
found,  that,  when  the  centre  of  motion  is  placed  between  the 
power  and  weight,  it  muff  fuftain  the  fum  of  their  efforts  \  a 
fmall  ballance  ought  not  to  be  employed  for  weighing  great 
weights  ;  for  thefe  diforder  its  ftrudure,  and  render  it  unfit  for 
ferving  that  purpofe  with  accuracy.  Neither  are  great  engines 
proper  for  producing  fmall  effeds  :  the  detail  of  which  things 
muff  be  left  to  the  fkillful  and  experienced  mechanic. 

3 1 .  But,  beffdes  the  railing  of  weights  and  overcoming  re- 
flftances,  in  mechanics  we  have  often  other  objeds  in  view. 
To  make  a  regular  movement,  that  may  ferve  to  meafure  the 
time  as  exadly  as  poilible,  is  one  of  the  moft  valuable  pro¬ 
blems  in  this  fcience  ;  and  lias  been  moff  fuccefsfully  effeded, 
hitherto,  by  adapting  pendulums  to  clocks  ;  tho  many  inge¬ 
nious 
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nious  contrivances  have  been  invented  to  corred  the  irregula¬ 
rities  of  thofe  movements  that  go  by  iprings.  Some  have  en¬ 
deavoured  to  find  a  perpetual  movement,  but  without  fuccefs  : 
and  there  is  ground  to  think,  from  the  principles  of  mechanics, 
that  fuch  a  movement  is  impofilble.  In  many  cafes,  when 
bodies  ad:  upon  each  other,  there  is  a  gain  of  abfolute  motion ; 
but  this  gain  is  always  equal  in  oppofite  diredions,  and  the 
quantity  of  dired  motion  is  never  increafed.  To  make  a  per¬ 
petual  movement,  it  appears  necefiary  that  a  certain  fyftem  of 
bodies,  of  a  determined  number  and  quantity,  fhould  move 
in  a  certain  fpace  for  ever,  and  in  a  certain  way  and  manner  ; 
and  for  this,  there  mull  be  a  feries  of  adions  returning  in  a  cir¬ 
cle,  to  make  the  movement  continual  ;  fo  that  any  adion  by 
which  the  abfolute  quantity  of  force  is  increafed,  of  which  there 
are  feveral  forts,  mull  have  its  correfponding  counter-adion, 
by  which  that  gain  of  force  is  dellroyed,  and  the  quantity  of 
force  rellored  to  its  firft  Hate.  Thus,  by  thefe  adions,  there 
will  never  be  any  gain  of  dired  force,  to  overcome  the  fridion 
and  the  refillance  of  the  medium.  But  every  motion  will  be 
abated,  by  thefe  refillances,  of  its  juft  quantity  ;  and  the  mo¬ 
tions  of  all  mull,  at  length,  languifh  and  ceafe. 

32.  To  illuftrate  this,  it  is  allowed,  that,  by  the  refolution 
of  force,  there  is  a  gain  or  increale  of  the  abiolute  quantity  of 
force  }  as  the  two  forces  ab  and  ad  (Fig,  2.)  taken  together, 
exceed  the  force  a  c  which  is  refolved  into  them.  But  you  can¬ 
not  proceed  refolving  motion  in  infinitum ,  by  any  machine 
whatfoever  ;  but  thofe  you  have  refolved  muft  be  again  com¬ 
pounded,  in  order  to  make  a  continual  movement,  and  the 
gain  obtained  by  the  refolution  will  be  loft  again  by  the  com- 
pofition.  In  like  manner,  if  you  fuppofe  a  and  b  {Fig.  42.) 
to  be  perfedly  elaftic,  and  that  the  Jefter  body  a  ftnkes  b  qui- 
elcent,  there  will  be  an  increale  of  the  abfolute  quantity  of 

A  a  2  force, 
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force,  becaufe  a  will  be  reflected  ;  but  if  you  fuppofe  them 
both  to  turn  round  any  centre  c,  after  the  ftroke,  fo  as  to  meet 
again  in  a  and  b,  this  increafe  of  force  will  be  loft,  and  their 
motion  will  be  reduced  to  its  firft  quantity.  Such  a  gain, 
therefore,  of  force  as  muft  be  afterwards  loft  in  the  adions  of 
the  bodies  can  never  produce  a  perpetual  movement.  There  are 
various  ways,  beftdes  thele,  by  which  abfolute  force  may  be 
gained  ;  but  fince  there  is  always  an  equal  gain  in  oppofite  di- 
redions,  and  no  increafe  obtained  in  the  fame  direction  ;  in 
the  circle  of  adions  neceffary  to  make  a  perpetual  movement, 
this  gain  muft  be  prefently  loft,  and  will  not  ferve  for  the  ne¬ 
ceffary  expence  of  force  employed  in  overcoming  friction  and 
the  refiftance  of  the  medium. 

33.  We  are  to  obferve,  therefore,  that  tho’  it  could  befhewn 
that  in  an  infinite  number  of  bodies,  or  in  an  infinite  machine, 
there  could  be  a  gain  of  force  for  ever,  and  a  motion  con¬ 
tinued  to  infinity,  it  does  not  therefore  follow  that  a  perpetual 
movement  can  "be  made.  That  which  was  propofed  by  Mr. 
Leibnitz ,  in  Augujl  1690,  in  the  Leipfick  ads,  as  a  confe- 
quence  of  the  common  eftimation  of  the  forces  of  bodies  in 
motion,  is  of  this  kind  ;  and,  for  this  and  other  reafons, 
ought  to  be  rejeded.  It  is,  however,  neceffary  to  add,  that 
tho’  on  many  accounts,  it  appear  preferable  to  meafure  the 
forces  as  well  as  motions  of  bodies  by  their  velocities,  and  not 
by  the  fquares  of  their  velocities  ;  yet,  in  order  to  produce  a 
greater  velocity  in  a  body,  the  power  or  caufe  that  is  to  gene¬ 
rate  it  muft  be  greater  in  a  higher  proportion  than  that  velo¬ 
city  ;  becaufe  the  adion  of  the  power  upon  the  body  depends 
upon  their  relative  motion  only  ;  fo  that  the  whole  adion  of 
the  power  is  not  employed  in  producing  motion  in  the  body, 

but  a  confiderable  part  of  it  in  fuftaining  the  power,  fo  as  to 

enable 
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enable  it  to  act  upon  the  body  and  keep  up  with  it.  Thus  the 
whole  action  of  the  wind  is  not  employed  in  accelerating  the 
motion  of  the  fhip,  but  only  the  excefs  of  its  velocity  above 
that  of  the  fail  on  which  it  adts,  both  being  reduced  to  the 
fame  direction.  When  motion  is  produced  in  a  body  by  fprings3 
it  is  the  laft  fpring  only  which  adfs  upon  the  body  by  contadf, 
and  the  reft  ferve  only  to  fuftain  it  in  its  a  diion  •  and  hence  a 
greater  number  of  fprings  is  requifite  to  produce  a  greater  ve¬ 
locity  in  a  given  body,  than  in  proportion  to  that  velocity. 
A  double  power,  like  that  of  gravity,  will  produce  a  double 
motion  in  the  fame  time  ;  and  a  double  motion  in  an  elaftie 
body  may  produce  a  double  motion  in  another  of  the  fame 
kind.  But  two  equal  fucceffive  impulfes,  adting  on  the  fame 
body,  will  not  produce  a  motion  in  it  double  of  what  -would 
be  generated  by  the  firft  impulfe  ;  becaufe  the  fecond  impulfe. 
has  neceflarily  a  lefs  effedt  upon  the  body,  which  is  already  in 
motion,  than  the  firft  impulfe  which  adted  upon  it  while  at  reft. 
In  like  manner,  if  there  is  a  third  and  fourth  impulfe,  the 
third  will  have  lefs  eftedt  than  the  fecond,  and  the  fourth  left 
than  the  third.  From  this  it  appears  what  anfwer  we  are  to 
make  to  a  fpecious  argument  that  is  adduced  to  fhew  the  pof- 
fibility  of  a  perpetual  motion.  Let  the  height  a  b  {Fig.  43.) 
be  divided  into  four  equal  parts  ac,  cd,  de,  eb:  fuppofe  the 
body  a  to  acquire,  by  the  defcent  a  c,  a  velocity  as  r,  and 
this  motion  by  any  contrivance  to  be  tranfmitted  to  an  equal 
body  b  ;  then  let  the  body  a,  by  an  equal  defcent  c  n,  acquire 
another  motion  as  i,  to  be  tranfmitted  likewife  to  the  fame 
body  b,  which  in  this  manner  is  fuppofed  to  acquire  a  motion 
as  2,  that  is  fufficient  to  carry  it  upwards  from  b  to  a;  and 
becaufe  there  yet  remain  the  motions  which  a  acquires  by  the 
defcents  d  e  and  e  b,  that  may  be  fufficient  to  keep  an  engine 
in  motion,  while  b  and  a  afcend  and  defend  by  turns,  it  is 
hence  concluded  that  a  fufficient  gain  of  force  may  be  obtained 
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in  this  manner,  fo  as  to  produce  a  perpetual  movement.  But 
it  appears  from  what  has  been  fhewn,  that  a  motion  as  2  can¬ 
not  be  produced  in  b,  by  the  two  fucceflive  impulies  trani- 
mitted  from  a,  each  of  which  is  as  1. 

Some  authors  have  propofed  projects  for  producing  a  per¬ 
petual  movement,  with  a  defign  to  refute  them  ;  but,  by 
miftaking  the  proper  anfwer,  have  rather  confirmed  the  un- 
fkillful  in  their  groundlefs  expectations.  An  inftance  of  this 
we  have  in  Dr.  Wilkins  Mathematical  Magick,  book  2.  chap. 
13.  A  load-ftone  at  a  (Fig.  44.)  is  fuppofed  to  have  a  fufficient 
force  to  bring  up  a  heavy  body  along  the  plane  f  a,  from  f  to 
B  ;  whence  the  body  is  fuppofed  to  defcend  by  its  gravity, 
along  the  curve  bef,  till  it  return  to  its  firft  place  f  ;  and  thus 
to  rife,  along  the  plane  f  a,  and  defcend,  along  the  curve 
bef,  continually.  But  fuppofing  bze  to  be  the  furface  upon 
which  if  a  body  was  placed,  the  attraction  of  the  load-ftone 
and  the  gravity  of  the  body  would  ballance  each  other ,  this  fur- 
face  fhall  meet  b  e  f  at  fome  point  e  between  a  and  f,  and  the 
body  mu  ft  flop  in  defcending  along  aef  at  the  point  e. 

« 
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CHAP.  IV. 

Of  the  collifeon  of  bodies . 


1 .  r  M  A  H  O’  the  laws  of  motion  and  principles  of  mecha¬ 
nics  are  fufficiently  explained  and  eftablifhed  in  the 
preceding  chapters,  it  will  be  of  ufe,  before  we  proceed  to  ap¬ 
ply  them  to  fubjects  of  a  higher  nature,  to  confider  the  moft 
fimple  and  obvious  motions  and  phenomena  that  are  derived 
from  them  ;  by  which  they  may  be  farther  tried  and  examined, 
and  our  methods  of  reafoning  from  them  juftified  :  and  thefe 
are  the  motions  which  are  produced  by  bodies  impinging  upon 
one  another,  which  fall  frequently  under  our  obfervation,  and 
can  be  repeated  by  us  in  experiments.  It  is  always  from  the 
moft  fimple  kind  of  phenomena  that  we  can  trace  with  the 
greateft  certainty  the  analyfis  of  the  laws  of  nature  ;  from 
which  we  afterwards  may  proceed  to  fuch  as  are  more  com¬ 
plicated  and  abftrufe  :  but  it  would  be  contrary  to  the  rules  of 
good  method  to  begin  with  the  latter.  It  would  be  very  pre- 
pofterous,  for  example,  in  defining  or  afcertaining  the  true 
notion  of  the  inertia  of  body,  to  begin  with  chymical  experi¬ 
ments  concerning  fermentation,  the  folutions  of  bodies  by  men* 
ftruums,  the  phenomena  of  generation  and  corruption,  or 
others  of  that  complicated  kind.  If  we  fhould  begin  with 
fixing  our  attention  on  thefe,  we  fhould  be  apt  to  afcribe  to 
body  an  adiivity  which  is  really  repugnant  to  its  nature.  It  is 
from  obfervations  and  experiments  concerning  the  fenfible  and 
grofs  bodies,  that  we  muft  acquire  our  knowledge  of  the  firft 
principles  of  this  fcience.  The  dodirine  of  the  collilion  of 
bodies  was  very  plain  and  clear,  and  deduced  in  a  fatisfadiory* 
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manner  from  the  laws  of  motion,  before  fome  late  authors  en¬ 
deavoured  to  cloud  it,  by  introducing  abftrufe  notions  into  it, 
in  favour  of  their  new  dodtrine  concerning  the  eftimation  of 
the  forces  of  bodies  in  motion.  But  we  fhall  have  no  regard 
to  thefe  ;  and  fhall  endeavour  to  deduce  it,  in  a  plain  and 
fatisfadtory  manner,  from  the  principles  eftablifhed  and  il- 
luflrated  in  the  fecond  chapter. 

2.  Bodies  have  been  commonly  diftinguifhed  into  three  forts. 
Thofe  are  called  perfectly  hard  whofe  parts  yield  not  at  all  in 
their  collifions,  but  are  abfolutely  inflexible  j  and  fuch  the  laft 
elements  of  bodies,  or  atoms,  are  fuppofed  to  be.  Thofe  are 
called  foft  whofe  parts  yield  in  their  collifions,  but  reftore  not 
themfelves  again  towards  their  fiift  pofitions.  Thofe  are  laid 
to  be  elaftic  which  yield  in  their  collifions,  but  reftore  them¬ 
felves  fo  as  to  recover  their  firft  fituation  ;  and  they  are  faid  to 
be  perfectly  elaftic,  when  they  reftore  themfelves  with  the  fame 
force  with  which  they  are  comprefled.  The  adtions  of  per- 
fealy  hard  or  inflexible  bodies  on  one  another  are  confummated 
in  a  moment  :  and,  as  there  is  no  fpring,  nor  any  force,  to  fe- 
parate  them,  they  muft  go  on  together  after  their  collifion  as  if 
they  formed  one  body.  But  when  an  elaftic  body  is  a  died  on 
by  any  force  or  power,  its  parts  yield  at  firft,  and  afterwards 
reftore  themfelves  by  degrees  to  their  firft  fituations.  There  is 
a  time  required  for  this,  which  may  be  diftinguifhed  into  two 
portions  ;  the  firft  is  the  time  during  which  the  parts  yield  and 
become  more  and  more  comprefled  }  the  other  is  the  time 
dunno-  which  they  reftore  themfelves  to  their  fiift  fituations. 
When  two  fpherical  elaftic  bodies  meet,  at  firft  they  touch 
one  another  in  a  point,  but  their  contadt  gradually  increafes, 
as  the  parts  that  touch  and  prefs  on  one  another  yield,  till  tneir 

oreateft  coinpreflion  :  and  afterwards  thefe  parts  recover  by  the 
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fame  fteps,  tho’  in  a  contrary  order,  their  firft  fituations.  The 
adions  of  elaflic  bodies  may  be  explained  by  imagining 
fprings  kl  placed  betwixt  hard  bodies  a  and  b  (Fig.  14.)  ;  for 
the  fprings  mu  ft  have  the  fame  effed  in  this  cafe,  as  the  elaf- 
ticity  of  the  parts  of  the  bodies  in  the  other  cafe.  If  a  move 
towards  b  and  comprefs  the  fprings,  and,  by  their  mediation, 
acft  on  b,  the  fprings  will  become  more  and  more  comprefled3 
till  the  two  bodies  have  equal  velocities  in  the  fame  direction  ; 
and  then,  no  force  ading  on  the  fprings,  they  will  have  liberty 
to  begin  to  expand  themfelves  *  which  they  will  do  by  the  fame 
degrees  as  they  were  comprefied,  in  a  contrary  order  :  and 
this  is  the  fecond  period  of  the  adion  of  the  bodies  on  one  an¬ 
other.  In  the  firft  period  of  the  adion  of  elaftic  bodies,  or 
of  bodies  ading  by  the  intervention  of  fprings,  the  fame  effeds 
are  produced  as  if  the  bodies  were  perfectly  hard.  At  the  end 
of  this  period  the  refpedive  velocity  of  the  bodies  is  deftroyed, 
and  in  the  inftant  when  it  ceafes  the  fecond  begins,  the  velo¬ 
cities  of  the  bodies  in  the  fame  diredfion  being  now  equal. 
In  this  fecond  period  of  the  adion  of  the  bodies,  if  theelafticity 
is  perfedt,,  the  fpnngs  expanding  themfelves  by  the  fame  force 
with  which  they  were  comprefied,  the  bodies  muft  be  feparated 
a  refpedive  velocity  equal  to  that  they  had  before  their 
coll  if  ion  ;  and  whatever  motion  was  added  to,  or  fubduded 
worn,  either  body,  in  the  firft  period,  as  much  will  be  added 
to,  or  fubdudled  from  it,  in  the  fame  diredion,  in  the  fecond  ; 
10  that  there  will  be  twice  as  much  force  loft,  or  twice  as  much 
gained,  by  either,  as  if  the  bodies  had  been  perfedtly  hard. 

3.  The  effeds  produced  in  the  firft  period  of  the  adion  of 
bodies  that  have  an  imperfed  elafticity  are  the  fame  as  when 
the.  bodies  are  perfedly  elaftic ;  but,  becaufe  their  parts  recover 
5  heir  firft  fituations  with  lefs  force  than  that  whereby  they  were 
d  if  placed  from  them,  there  is  lefs  force  loft  or  gained  in  the 

B  b  fecond 
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fecond  than  in  the  firft  period.  There  is,  however,  a  conftant 
proportion  obferved  between  what  is  loft  or  gained  in  thefe  two 
periods,  in  the  fame  fort  of  bodies  ;  fo  that  there  is  a  conftant 
proportion  between  their  refpedive  velocities  before  and  after 
their  collifion.  In  glafs,  for  example,  this  proportion  is  ob¬ 
ferved  to  be  that  of  1 6  to  t  5  • 

4.  In  foft  bodies,  whofe  parts  yield  fo  as  not  to  reftore  them- 
felves  at  all  to  their  firft  fituations,  the  a&ion  muft  be  the 
fame  as  in  the  firft  period  of  perfedly  elaftic  bodies,  and  the 
fame  as  in  perfectly  hard  bodies.  By  their  collifion  their  re- 
fpedtive  velocity  is  deftroyed,  the  inertia ,  or  refiftance  of  the 
parts,  having  the  fame  effetf:  in  this  cafe,  as  their  fpring  in  the 
other.  After  the  collifion  they  go  on  together  as  one  mafs, 
there  being  no  fpring  to  feparate  them.  Becaufe  the  parts  yield, 
in  their  collifions,  certain  philofophers  have  imagined  that  fome 
force  muft  be  loft  in  producing  this  effect  :  but  there  is  no 
motion  communicated  to  any  one  part  that  it  can  lofe  without 
communicating  it  to  others ;  a  body  moving  in  a  fluid  lofes  no 
force  but  what  it  communicates  to  the  parts  of  the  fluid  ;  and 
a  body  a&ing  upon  a  foft  body  can  lofe  no  force  but  what  muft 
be  communicated  to  the  parts  of  that  body,  which  therefore 
muft  be  accumulated  to  the  force  of  the  whole.  The  parts  are 
indeed  moved  out  of  their  firft  places,  but  this  can  produce 
no  lofs  of  force  ;  for  it  is  manifeft,  that  if  a  move  and  ftrike 
Bj  [Fig.  45.)  and  make  it  go  into  the  place  b,  and  there  ftrike 
c,  fo  that  it  remain  itfelf  in  the  place  b,  all  the  force  which  a 
had  at  firft  muft  be  ftill  found  in  a  or  c,  and  there  can  be  none 
loft  or  confumed  in  carrying  b  from  its  firft  place  b,  to  its  laft 
place  by  fince  a  loft  none  but  what  it  gave  to  b,  and  b  could 
lofe  none,  but  what  is  communicated  to  c.  There  can  be  no 
force  loft  in  this  cafe  more  than  if  b  had  ftruck  c  in  its  firft  place 

b,  nor  would  there  be  more  force  loft  in  b  moved  twice  oi 
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thrice  as  far  before  it  ftruck  c.  la  like  manner,  when  a  body 
ads  upon  a  foft  body  and  moves  its  parts  out  of  their  places, 
the  force  which  the  firft  body  lofes  is  employed  in  moving  thofe 
parts  indeed,  by  which  they  acquire  whatever  is  loft  by  it,  and 
lofe  none  of  what  they  thus  acquire,  but  by  communicating  to 
other  particles  ;  nor  is  it  of  moment  how  far  they  are  moved 
from  their  places,  but  what  force  is  communicated  to  them, 
which  it  is  not  poftible  to  conceive  they  can  lofe  by  merely 
moving  out  of  their  places,  without  ading  on  other  particles. 

5.  This  will  ftill  be  found  true,  tho’  you  fuppofe  the  par¬ 
ticles  of  the  foft  body  to  cohere  with  fame  certain  degree  of 
force.  That  cafe  may  be  explained  by  fuppofmg  particles,  b, 
c  and  d,  (Fig.  46.)  cohering  by  a  firing  of  a  certain  degree  of 
ftrength,  and  that  a  impelling  c  changes  the  fttuation  of  the 
particles  with  refped  to  one  another.  In  this  cafe,  a  will  lofe 
no  force  which  will  not  be  all  communicated  to  c,  but  fome 
part,  by  mediation  of  the  firing,  muft  be  imprinted  on  b  and  d, 
and  all  that  a  lofeS  and  is  not  given  to  c,  muft  be  communi¬ 
cated  to  b  and  d,  if  we  fuppofe  the  firing  infinitely  fine,  or  ab- 
ilrad  from  its  inertia ,  and  reckon  all  the  force  in  the  fame  di¬ 
rection.  It  is  true  the  firing  will  be  ftretched  by  the  force 
which  is  at  firft  imprinted  on  c,  but  as  c  can  lofe  none  but 
what  b  and  d  receive,  there  can  be  no  force  loft  from  that  caufe ; 
and,  if  the  firing  fhould  break,  the  only  confequence  can  be, 
that  there  will  be  no  more  force  communicated  from  c  to  b 
and  d,  after  that  happens.  From  the  equality  of  adion  and 
re-adion  it  follows,  that  the  firing  ads  equally  on  c  and  b,  and 
on  c  and  d  ;  fo  that  it  adds  as  much  force  to  b  and  d  as  it 
takes  from  c  ;  and,  as  this  is  always  true,  it  muft  hold  in  the 
inftant  when  the  firing  breaks,  as  well  as  before  :  the  cohefion 
of  the  particles,  therefore,  can  be  the  occafion  of  no  lofs  of 
force,  taking  in  all  that  are  afteded  in  the  collifion,  and  there 
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appears  no  ground  for  fuppofrng  that  any  force  is  confumed, 
in  making  the  parts  of  foft  bodies  yield,  but  what  is  accumu¬ 
lated  to  the  whole  mafs  of  body,  while  its  parts  continue  all 

together. 

it/'  V.  >  r  . 

6.  Thefe  things  being  premifed,  firft  let  the  bodies  a  and  b 
{Fig.  47.)  be  fuppofed  void  of  elafticity,  let  c  be  their  centre  of 
gravity,  and  let  a  d  and  b  d  reprefent  their  velocities  before  the 
ftroke.  Then  fuppofrng  the  ftroke  to  be  direct,  after  it  they 
will  proceed  together  as  forming  one  mafs,  and  their  centre  of 
gravity  being  carried  along  with  them,  their  common  velocity 
will  be  the  fame  as  the  velocity  of  that  centre,  which  (by  §15. 
chap.  2.)  is  the  fame  after  the  ftroke  as  before  it.  But  while 
the  bodies  defcribed  a  d  and  b  d  before  the  ftroke,  their  centre 
of  gravity  moves  from  c  to  d,  the  place  where  they  meet,  or 
the  one  overtakes  the  other  ;  therefore  the  common  velocity 
of  a  and  b  after  the  ftroke  is  meafured  by  cd,  their  velocities 
before  the  ftroke  being  reprefen  ted  by  a  d  and  b  d  refpe&ively. 
The  right  line  cd  fhews  the  diredfion  as  well  as  the  velocity  of 
their  motions  after  the  ftroke  ;  for  it  is  always  in  the  direction 
from  c  to  d.  If  d  fall  upon  c,  then  c  D  vanifihes,  and  their 
motions  are  deftroyed  by  the  ftroke.  This  propofition  ferves 
for  determining  the  cafes  when  the  bodies  are  either  perfectly 
hard,  or  perfectly  foft. 


7.  But  if  the  bodies  are  perfectly  elaftic,  take  c  e  equal  to 
c  d  in  an  oppofrte  dire&ion ;  and  the  velocities  of  a  and  b  after 
the  ftroke,  with  their  dire&ions,  will  be  reprefented  by  e  a  and 
e  b  refpedively.  For  the  change  produced  in  their  motions  by 
the  ftroke,  being,  in  thi3  cafe,  double  of  what  it  was  in  the 
former,  by  §  2  ;  and  the  difference  of  a  d  and  c  d  (the  change 
produced  in  the  velocity  of  a  in  the  former  cafe)  being  equal 
to  the  difference  of  c  d,  or  c  e,  and  e  a,  it  follows  that  the 

velocity 
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velocity  of  a  after  the  ftroke  is  meafured  by  e  a  ;  and  the  dif¬ 
ference  of  e  Band  cd5  orcE,  viz,  cb,  being  equal  to- the  dif¬ 
ference  of  cd  and  bp,  it  follows,  that  e  b  is  the  velocity  of  b 
after  the  ftroke.  If  b  have  no  motion  before  the  ftroke,  let 
a  b  reprefent  the  velocity  of  a,  take  c  e  equal  and  oppofite  to 
c  b,  and  e  a,  e  b,  will  reprefent  the  velocities  of  a  and  b  after 
the  ftroke  :  in  which  cafe,  the  velocity  of  a  before  the  ftroke 
is  to  the  velocity  of  b  after  it,  as  a  b  to  eb,  or  2cb  ;  that  is,  as 
one  half  ab  to  cb,  and  therefore  (by  the  property  of  the  centre 
of  gravity)  as  half  the  fum  of  the  bodies  a  and  b  to  a. 

From  this  theorem,  all  the  cafes  relating  to  the  motion  of 
bodies  that  have  a  perfect  elafticity  may  be  immediately  de¬ 
duced.  For  example,  if  the  bodies  a  and  b  be  equal,  then 
ca=cb,  and  fince  c.e=cd,  it  follows  that  e  a  =  bd,  and  eb— . 
ad  ;  that  is,  the  bodies  exchange  their  velocities  by  the  ftroke* 

8.  But  if  the  elafticity  of  the  bodies  is  imperfed,  take  ce 
[Fig,  48.' n,  1.)  equal  and  oppofite  to  cd,  but  c  a  lefs  than 
ca,  and  c  b  leis  than  c  b,  in  the  fame  proportion  as  their  elafti¬ 
city  is  lefs  than  a  perfed  elafticity  ;  and  the  right  lines  e  a  and 
e  b  will  reprefent  their  velocities  after  the  ftroke,  by  §  3  :  be- 
caufe  if  we  diftinguifh  the  time  in  which  the  bodies  ad  upon 
each  other  into  two  periods,  as  in  that  article,  the  effed  produced 
in  the  fecond  period  will  be  lefs  than  the  effed  produced  in  the 
firft  period,  in  tnat  ratio.  In  this  cafe  their  refpedive  velocity 
after  the  ftroke  is  reprefen  ted  by  a  b ,  and  is  to  their  refpedive 
velocity  before  the  ftroke,  as  a  b  to  a  b.  In  glafs,  Sir  Ifaac 
Newton  found  this  ratio  to  be  that  of  15  to  16,  as  was  ob- 
ferved  above  ;  confequently  in  determining  the  effed  of  their 
collifions,  we  are  to  take  c  a  =  gc  a,  and  c  b  =  i|  c  b. 
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o  If  motion  be  communicated,  in  this  manner^  Horn  a 
body  a  to  a  feries  of  bodies  in  a  geometrical  progreffion,  then 
the  velocity  fucceffively  communicated  to  thofe  bodies  will  be 
likewife  in  a  geometrical  progreffion  ;  and  if  a  and  b  be  the 
two  firft  bodies,  the  common  ratio  of  the  velocities  will  be  that 
of  half  the  fum  of  a  and  b  to  a  ;  that  is,  if  the  bodies  a,  b,  be 
reprefented  by  the  right  lines  oa  and  ob,  {Fig.  48-  »•  20  ancl 
ab  be  bifeded  in  e,  the  common  ratio  of  any  two  fubfequent 
velocities  in  the  progreffion  will  be  that  ol  0  e  to  0  a  ;  and  if  n 
reprefent  the  number  of  bodies  without  including  the  firft  a, 
the  velocity  of  the  laft  will  be  to  the  velocity  of  the  firft,  as 
the  power  of  0  a  whofe  exponent  is  n  to  the  fame  power 

of  oe. 


10.  Any  three  bodies  being  reprefented  by  oa,  ob,  and  od, 
take  oft o  0  d,  as  0  a  is  to  0  b\  then  fuppofing  the  motion  to 
begin  from  the  firft  0  a  (which  was  fuppofed  to  ftrike  0  b  qui- 
efcent,  and  0  b  afterwards  to  ftrike  0  d  quiefcent)  the  velocity 
communicated,  in  this  manner,  to  the  third  fhall  be  to  the  ve¬ 
locity  of  the  firft,  as  0  a  is  to  one  fourth  part  of  the  fum  of  0  a , 
ob,  of  and  od.  For  the  velocity  of  the  firft  0  a  is  to  the  velo¬ 
city  of  the  fecond  ob,  as  the  fum  oi  0  a  and  0  b  to  2  0  a  ;  the 
velocity  of  ob  is  to  that  of  od ,  as  the  fum  of  ob  and  od  to 
2  0  b  j  confequently  the  velocity  of  the  firft  0  a  is  to  the  ve¬ 
locity’ of  the  third  0  d,  in  the  compound  ratio  of  oa-Yob  to 
2 oa  and  of  ob+od  to  2 ob,  that  is,  (fine e  oa,  ob,  of,  W,  are 
proportional,  fo  that  oa\$K.o  ob,  as  o a+of  to  ob  +  od,  and  oa 
+  ob  to  ob,  as  the  fum  of  0  a,  0  b,  of  and  od  to  ob+od)  as  the 
fum  of  oa,  ob,  of  and  od  is  to  4  oa.  Hence  the  velocity  of 
oa  being  given,  the  velocity  communicated  to  od  is  lnveifely 
as  the  fum  of  oa,  ob,  0  f  and  6  d,  and  is  greateft  when  this 

fum  is  leaft  ;  that  is,  if  oa  and  od  be  given,  when  ob  and  of 

coincide 
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coincide  with  each  other  and  with  0  k  the  mean  proportional  be¬ 
tween  oa  and  od.  Therefore  the  velocity  communicated  to  0 d 
is  greateft  when  0  b ,  the  body  interpofed  between  0  a  and  0  d ,  is  a 
mean  proportional  between  them.  This  is  one  of  Mr.  Huygens  s 
theorems;  from  which  it  follows,  that  the  more  fuch  geometrical 
mean  proportionals  are  interpofed  between  oa  and  od ,  the 
greater  is  the  velocity  communicated  to  od .  There  is,  how¬ 
ever,  a  limit  which  the  velocity  communicated  to  od  never 
amounts  to,  (the  bodies  oa,  0  d ,  and  the  velocity  of  0  a 
before  the  ftroke,  being  given)  to  which  it  approaches  conti¬ 
nually,  while  the  number  of  fuch  bodies  interpofed  between 
0  a  and  0  d  is  always  increafed.  And  this  limit  is  a  velocity 
which  is  to  the  velocity  of  the  firft  0  a  before  the  ftroke,  in  the 
fubduplicate  ratio  of  0  a  to  od\  as  we  have  demonftrated  in  our 
fluxions ,  §  514* 

11.  The  fame  principles  will  ferve  for  determining  the  ef¬ 
fects  of  the  collifions,  when  a  body  ftrikes  any  number  of  bodies 
at  once,  in  any  directions  whatever.  Let  the  bodies  firft  be 
perfectly  hard  and  void  of  elafticity,  and  the  body  c  (Fig.  49.) 
moving  in  the  direction  c  d  with  a  velocity  reprefented  by  c  d, 
ftrike  at  once  the  bodies  a,  b,  e,  &C-.  that  are  fuppofed  at  reft, 
before  the  ftroke,  in  the  directions  cf,  c  h,  ck,  c.  in  the  fame 
plane  with  c  d,  and  let  d  d  b,ne,  be  perpendicular  to  cf,  c  h, 
ck,  in  a,  b,  and  e,  refpectively.  Determine  the  point  p  where 
the  common  centre  of  gravity  of  the  bodies  c,  a,  b,  e,  &c, 
would  be  found,  if  their  centres  were  placed  at  the  points  c3 
a ,  b ,  £,  &c.  refpectively,  (by  §  13,.  chap.  2.)  ;  join  d  p,  and  c  l 
parallel  to  d  p  (hall  be  the  direction  of  the  body  c  after  the 
ftroke.  Let  pr,  perpendicular  to  d  p,  meet  cd  in  r,  and  dl, 
perpendicular  to  cd,  meet  cl  in  l  ;  then  if  c  l  be  divided  in  Gr, 
fo  that  cg  be  to  cl  in  the  ratio  compounded  of  that  of  cd  to 
c  r,  and  that  of  the  body  c  to  the  fum  of  all  the  bodies,  the  ve- 
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locity  of  c  after  the  ftroke  will  be  reprefented  by  c  g  ;  that  is, 
the  velocity  of  c  after  the  ftroke  will  be  to  its  velocity  before 
it,  as  c  g  is  to  cd.  Let  g g  h>  and  g  k  be  refpedively  per¬ 
pendicular  to  cf,  ch,  and  ck,  in  fy  h,  and  k  and  the  velocities 
of  a,  b,  and  e,  after  the  ftroke,  will  be  reprefented  by  c f>  c  h 
and  c  L 

But  if  we  now  fuppofe  the  bodies  to  be  perfectly  elaftic,  or 
the  relative  velocities,  before  and  after  the  ftroke,  to  be  always 
equal  when  meafured  on  the  fame  right  line  ;  produce  d  g  till 
vg  be  equal  to  2dg,  join  c^,  and  the  body  c  will  defcribe  c^ 
after  the  ftroke,  in  the  fame  time  that  it  would  have  defcribed  a 
right  line  equal  to  cd,  before  the  ftroke.  And,  in  like  manner, 
the  motions  are  determined  when  the  elafticity  is  imperfed,  if 
the  relative  velocity  after  the  ftroke  is  always  in  a  given  ratio 
to  the  relative  velocity  before  it  in  the  fame  right  line.  Mr* 
Bernoulli?  has  refolved  only  a  very  limited  cafe  of  this  problem, 
in  his  EJJay  on  motion,  Paris  1726;  for  he  fuppofes  the  bodies 
to  be  perfectly  elaftic,  and  that,  for  each  body  on  one  fide  of 
the  line  of  diredion  c  d,  there  is  always  an  equal  body  on  the 
other  fide,  that  is  impell’d  in  a  right  line  forming  an  equal 
angle  with  c  d  ;  fo  that  the  body  c  moves  with  the  fame  di- 
redion  after  the  ftroke  as  before.  The  folution  of  this  parti¬ 
cular  cafe,  (which  he  reprefents  as  a  matter  of  uncommon  dif¬ 
ficulty,  and  magnifies  as  the  fruit  of  the  new  dodrine  concern¬ 
ing  the  forces  of  bodies)  he  derives  from  this  principle,  “  that 
the  fum  of  the  bodies  multiplied  by  thefquaresof  their  velocities 
is  the  fame  before  and  after  the  ftroke  which  principle, 
however,  had  never  been  demonftrated  by  him  ;  for  it  cannot 
be  conlidered  as  an  immediate  confequence  of  the  equality  of 
adion  and  re-adion,  as  he  too  haftily  concluded,  by  what  was 
(hewn  above.  But  the  folution  of  thefe  and  other  problems 
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of  this  kind  is  derived,  in  a  natural  eafy  and  general  manner, 
from  the  laws  concerning  the  fum  of  the  motions  of  a  fyftem 
of  bodies  eftimated  in  a  given  direction,  and  concerning  the 
motion  of  their  centre  of  gravity,  which  is  never  affected  hv 
their  collifions. 

12.  The  fame  things  being fuppofed  as  in  §  7.  becaufe  ce=cb, 
(-%•  47-)  h follows  that  ad'-ae'^cexca  ;  and  that  eb!- 
jd‘=4cexcb.  But  ax4cexca=bx4-cexcb,  by  the  pro¬ 
perty  of  the  centre  of  gravity  c  :  therefore  axad  2— axaf.1— 
BXE8!-BXBDl,  Or^XADHBXBD’^AXAE'+BXEB’;  that  is, 
when  the  bodies  are  perfectly  elaftic,  the  fum  ariiing  when 
each  is  multiplied  by  the  fquare  of  its  velocity,  is  the  fame 
after  the  ftroke  as  before  it.  The  fame  things  being  now  fup¬ 
pofed  as  in  the  laft  article,  let  d  cl,  gq,f  m,  bn ,  kr,  be  per¬ 
pendiculars  to  c  g,  in  q_,  y,  m,  n,  and  r ;  then  the  rectangles 
contained  by  cm  and  cc,  c  n  and  c  g,  cr  and  cg,  will  be 
reflectively  equal  to  the  fquares  of  c  /,  c  h,  and  c  k.  If  the 
bodies  c,  a,  b,  e,  be  fuppofed  to  have  no  elafticity,  their  ve¬ 
locities  after  the  ftroke  will  be  reprefented  by  cg,  c/,  c b  and  c b, 
the  velocity  of  c  before  the  ftroke  being  reprefented  by  c  d,  be¬ 
caufe,  in  this  cafe,  no  relative  velocity  is  generated  by  the  ftroke  in 
their  refpective  directions ;  and  the  fum  of  a  x  c  m,  b  x  cn,  e  xcr 
is  equal  to  cxgcl,  becaufe  the  fum  of  the  motions  which  would 
be  communicated  to  a,  b  and  e,  in  the  direction  c  g,  is  equal 
to  the  motion  which  c  would  lofe  in  the  fame  direction,  by  §  4. 
chap.  2.  Therefore  the  fum  of  a  x  c  /*,  bxc h\  excE  is  equal 
to  cxcgxgq.;  and  to  thefe  if  we  add  cxcg%  the  fum  of  all 
the  bodies  multiplied  by  the  fquares  of  their  velocities  in  this 
cafe  would  be  cxcgxcq.  But  when  the  bodies  are  fuppofed- 
to  be  perfectly  elaftic,  the  velocities  of  a,  b  and  e,  are  to  be. 
reprefented  by  2  c /,  2  ch,  and  2  c  k,  refpectively  ;  the  fum  of 
ax4c/.-,  BX4C/3*  and  Ex^cf1,  is  equal  to  0x4c gxcq  or 
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{Elem.  8.  2.)  cxcq;-cxc?’  ;  to  which  if  we  add  cxcg'  (or 
cxc^+cxdcl1)  the  whole  fum  of  the  produds,  when  each 
body  h  multiplied  by  the  fquare  of  its  velocity,  is  equal  to 
c  x  c  d  1  ;  and  confequently  the  fame  after  the  ftroke  as  it  was 
before  the  ftroke.  When  therefore  the  bodies  are  void  ot  elal- 
tidty,  this  fum  is  Ids  after  the  ftroke  than  before  it  in  the 
ratio  of  ccxccLto  cd\  or  of  cctocL,  l  being  the  point 
where  1,  d  perpendicular  to  cn  meets  co  And  when  the 
bodies  a,  b,  e,  move,  before  the  ftroke,  m  diredions  different 
from  thole  in  which  c  ads  upon  them,  the  propofttion  will  ap¬ 
pear  by  refolving  their  motions  into  fucli  as  are  in  thole  di 
redions  (which  alone  are  affected  by  the  ftroke,)  and  fuch  as 
are  in  perpendiculars  to  thofe  directions,  from  Elem.  47.  1. 
This  propofttion  likewife  holds  when  bodies  ot  a  perfed  elaf 
ticity  ftrike  any  immoveable  obftacle  as  well  as  when  they  ftri  e 
one  another,  or  when  they  are  contained,  by  any  power  or 
reftftance,  to  move  in  diredions  different  from  thofe  in  which 
they  impell  one  another.  But  it  is  mamfeft,  that  it  is  not  to 
be  held  a  general  principle  or  law  of  motion,  fince  it  can  take 
place  in  the  colliftons  of  one  fort  of  bodies  only.  The  folu- 
tions  of  fome  problems  which  have  been  deduced  from  it  may 
be  obtained,  in  a  general  and  dired  manner,  from  plain  prin¬ 
ciples  that  are  univerfally  allowed,  by  determining  firft  the 
motions  of  hard  bodies,  which  are  fuppofed  to  have  no  elaf 
ticity,  and  thence  deducing  the  folutions  of  other  cafes,  when 
the  relative  velocities  before  and  after  the  ftroke  are  equal,  or 

in  any  given  ratio. 

1  -i.  From  what  was  fhewn  in  the  laft  article,  we  are  led  to  die 
principle,  which,  by  Mr.  Huygens ,  was  called  the  confervatro  vrs 
afcendentis.  It  is  well  known,  and  was  proved  in  §  n.  chap. 
1.  that  the  heights  to  which  bodies  will  rife  againft  t  c^ne^ 
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refiftance  of  an  uniform  gravity  are  as  the  fquares  of  the  velo¬ 
cities  with  which  they  fet  out.  In  the  laft  article  we  found 
that  the  fum  of  the  produds ,  when  the  bodies  are  multiplied 
by  the  fquares  of  their  velocities,  is  the  fame  after  as  before  the 
ftroke  ;  provided  the  bodies  be  perfedly  elaftic.  If,  therefore, 
we  fappofe  the  motion  of  the  bodies  to  be  turned  upwards  in 
vertical  lines,  the  fum  of  the  produds  when  each  body  is  mul¬ 
tiplied  by  the  height  to  which  it  would  arife  is  the  fame  after  as 
before  the  ftroke.  But  by  the  property  of  the  centre  of  gra¬ 
vity,  in  §  15.  chap.  2.  the  fum  of  the  products  of  the  bodies 
multiplied  by  thofe  heights  is  equal  to  the  produd  of  the  fum 
of  the  bodies  multiplied  by  the  height  to  which  their  centre  of 
gravity  would  arife.  Therefore  when  the  motions  of  bodies 
are  fuppofed  to  be  converted  upwards  in  vertical  lines,  before  or 
after  their  colliftons,  their  common  centre  of  gravity  will  al¬ 
ways  arife  to  the  fame  height;  and  that  is  what  is  meant  by 
Mr.  Huygens  when  he  tells  us  the  vis  afcendens  of  any  fyftem  of 
bodies  is  not  affeded  by  their  colliftons  or  mutual  adions,  pro¬ 
vided  they  be  perfedly  elaftic  ;  for  if  they  are  foft  bodies,  or 
have  an  imperfed  elafticity  (which  indeed  is  the  cafe  of  all 
bodies  we  have  accels  to  examine,)  then  it  is  obvious  that  by 
their  colliftons  their  motions  are  often  diminiftied,  and  fome- 
times  totally  deftroyed  ;  fo  that  the  centre  of  gravity  will  ne- 
ceflarily  arife  to  a  lefs  height  after  their  collifton  than  before  it, 
if  the  motions  of  the  bodies  be  fuppofed  to  be  converted  up¬ 
wards  in  vertical  lines. 

14.  When  bodies  are  moved  by  their  gravity,  and  at  the 
.  lame  time  ad  upon  each  other,  it  will  ftill  be  found,  that  the 
fum  of  the  produds  that  arife  when  each  body  is  multiplied  by 
the  fquare  of  the  velocity  acquired  by  it,  is  equal  to  the  diffe¬ 
rence  of  the  fum  of  the  produds  of  thofe  that  defeend  multi¬ 
plied  by  the  fquares  of  the  velocities  that  would  have  been  ac~ 
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quiredby  the  fame  defcents,  if  the  bodies  had  fallen  freely  without 
a&incr  upon  each  other,  and  of  thefumoftheproduds  of  the  bodies 
that  afcend  multiplied  by  the  fquares  of  their  refpedive  velo¬ 
cities  that  would  be  acquired  by  falling  freely  along  the  refpec- 
tive  altitudes  to  which  they  have  arifen  ;  provided  that  the 
elafticity  of  the  bodies  be  perfed  •  or  if  it  be  imperfed,  that 
there  be  no  collilion,  or  hidden  communication  of  motion 
from  one  body  to  another.  For  if  the  relative  velocities  in  their 
refpedive  diredions  be  lefs  immediately  after  that  adion  than 
before  it ;  in  thole  cafes,  the  fum  of  the  produds  of  the  bodies 
multiplied  by  the  fquares  of  their  velocities  will  be  lefs  than  it 
would  have  been  if  the  bodies  had  defcended  freely  from  the 
fame  refpedive  altitudes  ;  and  if  the  bodies  be  fuppofed  to  af¬ 
cend  with  their  refpedive  velocities  at  any  time,  and  their  mo¬ 
tions  be  retarded  by  their  gravity  only,  the  common  centre  of 
gravity  will  not  afcend  to  the  lame  level  from  which  it  de¬ 
fcended  ;  as  we  have  fhewn  at  length  in  our  Treatife  of  Fluxions. > 
from  §  521  to  533. 

1 5.  The  time  general  principle  on  this  fubjed,  is,  that  when 
any  number  of  bodies,  moved  by  their  gravity ,  are  conneded 
together  in  any  manner  fo  as  to  ad  upon  each  other  while 
they  move,  the  afcent  of  their  common  centre  of  gravity,  in 
their  vibrations  or  revolutions,  will  be  always  found  to  be  either 
equal  to  its  defcent,  or  lefs  than  it,  but  never  to  exceed  it.. 
And,  from  this  principle,  the  impoffibility  of  a  perpetual  mo¬ 
tion  is  juftly  derived.  For  it  appears,  that,  in  fuch  vibrations 
and  revolutions,  the  fucceffive  afcents  of  the  centre  of  gra¬ 
vity  muft  continually  diminish,  in  confequence  of  the  attri¬ 
tion  of  the  parts  of  bodies,  and  the  refiftance  of  the  medium  y 
fince  the  afcent  of  the  centre  of  gravity  being  never  greater 
than  the  defcent  (tho’  often  lefs  than  it,)  there  can  be  no  gain 
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of  force  to  overcome  thofe  refiftances.  All  motion,  there¬ 
fore,  muft  be  abated  and  gradually  languifli  in  our  mechanical 
engines,  unlefs  they  be  fupplied  by  new  and  repeated  influ¬ 
ences  of  the  power. 

■  * '  «..VJ 

15.  It  is  very  well  known,  that,  when  allowance  is  made 
for  the  defedt  of  elafticity  in  bodies,  for  attrition,  and  the  re- 
fiftence  of  the  medium,  thefe  conclufions  are  perfedlly  agree¬ 
able  to  experience  ;  and  therefore  ferve  to  confirm  the  ge¬ 
neral  laws  of  motion  with  their  corollaries,  and  our  methods 
of  reafoning  from  them. 

CHAP.  V. 

Of  the  motion  of  proje&iles  in  vacuo  ;  of  the  cycloid ,  and  the 

motion  of  a  pendulum  in  it  *. 

LEMMA  I. 

Suppofe  the  motion  of  a  body  to  be  uniformly  accelerated  j 
let  the  time  be  reprelented  by  the  right  line  a  m,  ( Plate  IV. 
Fig.  I.)  and  any  part  of  it  by  a  k,  draw  m  n,  k  l  perpen¬ 
diculars  to  a  m  in  m  and  k,  and  a  n  interfering  them  in  n  and 
l  :  then  the  velocities  acquired  in  the  times  am,  a  k,  reckoned 
from  the  beginning  of  the  motion,  will  be  as  the  perpendicu¬ 
lars  m  n,  k  l,  but  the  fpaces  defcribed  in  thefe  times  will  be  as 
the  areas  amn,  akl. 

*  To  render  the  fecond  book  more  complete,  we  have  added  this  fupplemenfy 
from  two  pieces  which  the  author  ufed  to  give  his  fcholars.  The  fubftance  o  f  them 
is  taken  from  the  learned  Mr.  Cotes* s  trads,  printed  at  the  end  of  his  Harmonia 
Menfurarum . 
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This  proportion  has  been  demonftrated  elfewhere  ;  but  we 
fhall  here  add  the  proof  that  is  commonly  given  of  it,  by  the 
method  of  indivijibles . 

Since  the  motion  of  the  body  is  fuppofed  to  be  uniformly 
accelerated,  that  is,  to  receive  equal  increments  of  velocity  in 
equal  times,  the  velocities  acquired  will  be  always  proportional 
to  the  times  :  fo  that  if  m  n  reprefent  the  velocity  acquired  in 
the  time  a  m,  it  follows,  becaufe  am:ak::  mn:kl,  that 
k  l  will  reprefent  the  velocity  acquired  in  the  time  a  k.  After 
the  fame  manner,  the  velocities  acquired  in  the  times  a  b,  a  c, 
a  d,  &*c.  will  be  reprefented  by  the  perpendiculars  be,  cf,  d  g, 
&c.  refpe&ively. 

The  fpace  defcribed  by  any  uniform  motion  is  as  the  rect¬ 
angle  contained  by  the  right  lines  that  reprefent  the  velocity 
and  the  time  :  therefore  the  fpaces  defcribed  in  the  times  a  b, 
b  c,  c  b,  d  h,  &c.  with  the  velocities  be,  cf,  dg,  hi,  &*c,  are 
as  the  rectangles  ae,  b  f,  c  g,  di,  &c.  and  the  fpaces  de¬ 
fcribed  in  the  whole  time  a  k  as  the  fum  of  thefe  reCtangles. 
That  the  motion  may  be  uniformly  and  continually  accelerated, 
fuppofe  the  number  of  the  parts  ab,  b  c,  c  d,  &c.  into  which 
the  line  a  k  is  divided,  to  be  increafed  in  infinitum ,  and  the 
fum  of  the  reCtangles  ae,  b  f,  c  g,  &c.  will  become  equal  to 
the  triangle  akl,  Therefore,  in  a  motion  uniformly  accelerated, 
the  fpaces  defcribed  in  any  times  a  k,  am,  from  the  beginning 
of  the  motion,  are  as  the  areas  akl,  a  m  n. 

Coro/,  i.  The  fpace  defcribed  by  a  motion  uniformly  ac¬ 
celerated,  in  any  time,  is  half  the  fpace  that  would  be  de¬ 
fcribed,  in  the  fame  time,  by  an  uniform  motion  with  the 
velocity  acquired  at  the  end  of  that  time. 

i 
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The  fpace  defcribed  by  a  motion  uniformly  accelerated,  in 
the  time  a  k,  is  reprefented  by  the  triangle  a  k  l  ;  the  fpace 
that  would  be  defcribed  by  an  uniform  motion,  in  the  fame 
time,  with  the  velocity  k  l,  is  reprefented  by  the  redangle 
contained  by  a  k  and  k  l,  but  the  triangle  a  k  l  is  half  of  that 
rectangle  ;  and  the  proportion  is  manifeft. 

Corol.  2.  The  fpaces  defcribed  by  a  motion  uniformly  ac¬ 
celerated,  are  as  the  fquares  of  the  times  from  the  beginning 
of  the  motion  ;  for  thofe  fpaces  are  as  the  fimilar  triangles 
a  k  l,  a  m  n,  whofe  homologous  {ides  a  k,  am,  reprefent  the 
times.  For  the  fame  reafon,  the  fpaces  are  alfo  as  the  fquares 
of  (k  l,  m  n.)  the  velocities  acquired  at  the  end  of  thofe 

fpaces. 

Corol.  3.  If  the  accelerating  force  is  fuppofed  to  be  greater 
or  leffer  in  any  given  ratio,  the  velocities  generated  by  it,  in  a 
given  time,  will  be  increaled  or  dimimfhed  in  the  lame  ratio* 
And  in  any  times,  the  velocity  generated  by  this  force,  will  be 
to  that  generated  by  the  former,  in  the  compounded  ratio  of 
the  forces  and  of  the  times. 

Corol.  4.  The  fall  of  heavy  bodies,  either  perpendicular  or 
along  inclined  planes,  being  a  motion  uniformly  accelerated, 
the  preceding  Lctnrfici  and  its  corollaries  may  be  applied  to 

them. 

LEMMA  II.  Fig.  II. 

If  two  heavy  bodies  fall  from  reft  at  c  to  the  horizontal  line 

a  b,  one  in  the  vertical  c  b,  and  the  other  along  the  inclined 

plane  c  a  ;  the  time  of  defcent  from  c  to  b,  will  be  to  the  time 
*  of 
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of  defcent  from  c  to  a,  as  c  b  to  c  a  ;  and  the  velocities  ac¬ 
quired  at  b  and  a  will  be  equal. 

For  let  the  force  of  gravity  by  which  the  body  defcends  in 
the  vertical  c  b,  be  reprefented  by  c  b,  and  refolved  into  the  forces 
bd  perpendicular  to  c  a,  and  c  d  ;  the  other  body  is  urged  along 
the  inclined  plane  by  cd  only.  Therefore  the  accelerating 
forces  by  which  the  bodies  defcendin  the  vertical  cb  and  along  the 
inclined  plane  c  a,  are  reprefented  by  c  b  and  c  d.  The  fpaces 
defcribed  in  equal  times,  by  the  uniform  continued  a&ion  of 
<  any  forces,  are  in  the  fame  ratio  as  thofe  forces  ;  therefore 
the  bodies  will  fall  from  c  to  b,  and  from  c  to  d,  in  equal  times. 
But  the  time  of  defcent  from  c  to  d  is  to  the  time  of  delcent  from 
c  to  a  (by  Corol.  2.  and  4.  Lem.  1.)  in  the  fubduplicate  ratio 
of  c  d  to  c  a,  that  is,  (becaufe  c  d,  c  b,  c  a,  are  in  continued 
proportion)  in  the  ratio  of  cd  to  c  b,  or  of  c  b  to  c  a. 

’  /  .  . #  ,  >  ,  #  -  •  ;  j  '  $ 

!  Again,  the  velocities  generated  in  the  falls  are  in  the  com¬ 
pound  ratio  of  the  generating  forces,  and  of  the  times  of  their 
generation  {Corol.  3.  Lem.  1.)  that  is,  in  the  prefent  cafe,  in 
the  compound  ratio  of  c  a  to  c  b,  and  of  c.b  to  ca;  which 
compound  ratio  is  that  of  equality. 

LEMMA  III, 

Upon  the  fame  horizontal  plane,  let  there  be  raifed  an¬ 
other  plane  c  a ,  whofe  elevation  is  c  b  ;  from  c  draw  c  1 
parallel  to  ca,  meeting  ba  in  1,  and  from  b  the  line  b d  per¬ 
pendicular  to  c  1.  Then  c  b  reprefenting,  as  before,  the  con¬ 
stant  force  of  gravity,  c  d,  cel  will  reprefent  the  accelerating 
forces  along  the  planes  c  a  and  (c  1  or)  c  a  ;  and  their  ratio  being 
compounded  of  thoie  of  c d  to  c  b,  and  of  cb  to  c  cl ,  that  is, 

of 
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of  c  b  to  c  a,  and  (c  1  to  c  b  or)  c  a  to  c  b  ;  it  follows  that 
thole-  accelerating  forces  are  diredly  as  the  elevations  of  the 
planes,  c  b,  c  b,  and  inverfely  as  their  lengths  c  a,  c  a. 

CoroL  r .  Compound  now  thefe  three  ratios  ;  that  of  c  a  to 
cb,  of  s/  c  b  to  sf  c  b,  and  of  c  b  to  c  ay  their  fum  gives  the 
ratio  of  the  times  of  falling  thro’  c  a  and  c  a ,  being  the  direct 
ratio  of  the  lengths  c  a,  c  a>  and  the  inverfe  fubduplicate  of 
the  elevations  cb,  or  c  b, 

CoroL  2.  The  velocities  acquired  being  as  the  accelerating 
forces  and  the  times  in  which  they  ad  ;  compound  the  ratio  of 
thefe  found  in  the  preceding  Lemma  and  Corollary ,  and  there 
will  refult  that  of  the  velocities,  viz .  the  dired  fubduplicate  of 
the  elevations  cb,  cb. 

CoroL  3.  Hence  likewife  it  is  inferred,  that  if  (Fig.  III.)  a 
body  fall  from  reft  at  c,  to  a  in  the  horizontal  line  a  b,  along 
any  number  of  planes  c  d,  e>  e,  e  a,  inclined  to  each  other 
any  how,  as  at  d  and  e,  the  velocity  at  a  will  be  the  fame  as  if 
the  body  had  fallen  in  the  vertical  c  b  ;  abftrading  however 
from  the  lofs  of  velocity  that  happens  by  its  impuJfes  at  d  and 
e,  upon  the  contiguous  planes. 

That  multiplying  the  number  of  planes  from  c  to  a,  till  the 
path  of  the  body  becomes  curvilinear,  the  velocity  at  a  will  be 
accurately  the  fame  as  in  the  perpendicular  fall  c  b. 

And  laftly,  that  if  a  feries  of  planes,  c  dy  ^  ey  &c.  fimilar 
and  fimilarly  fituated  to  the  former,  or  two  fimilar  and  fimilarly 
fituated  arcs  of  a  curve,  be  the  path  of  die  body  ;  the  velocities 
will  be  as  the  lengths  of  the  paths  ;  and  the  times  in  the  fub- 

D  d  duplicate 
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duplicate  ratio  of  thofe  lengths,  of  the  heights  cb  ,  c  b,  or  of 
any  two  homologous  lines  belonging  to  the  figures. 

Corel  4.  Let  a  d  (2%.  IV.)  be  the  diameter  of  a  circle  touch¬ 
ing  the  horizontal  line  in  a  ;  c  a,  ca,  any  two  chords  drawn  to 
A  0  Then  if  bodies  defeend  by  the  force  of  gravity  along  theie 
chords,  the  times  of  defeent  will  be  equal  ;  and  the  velocities 
will  be’  proportional  to  the  chords  c  a,  c  a. 

For,  joining  d  c,  Bf,  and  making  cb,  c  perpendiculars 
to  the  diameter  ;  becaufe  the  triangles  d  c  a,  e  c  a  are  fimilar, 
as  alfo  d  c  a,  c  A  ;  it  is  eafily  ihewn,  that  c  A  is  to  c  A  in  the 
fubduplicate  ratio  of  the  elevations  as,  ^  e■.  and  this  com¬ 
pounded  with  the  fame  ratio  inverted,  gives  the  ratio  of  equality  ; 
which,  by  Corol.  1 .  is  that  of  the  times. 

And,  by  Corol.  2.  the  velocities  are  in  the  fubduplicate  ratio 
of  A  e  to  A  e,  or  that  of  ca  to  c  a. 

I.  Of  the  motion  of  projeBiles. 

P  R  O  P  O  S  I  T  I  O  N  I.  Fig.  V . 

The  line  deferibed  by  a  heavy  body,  thrown  tn  any  direBton  not 
perpendicular  to  the  horizon,  is  a  parabola. 

Suppofe  a  body  projeded  in  the  direction  An,  with  the  ve¬ 
locity  it  would  have  acquired  by  falling  from  b  to  a  tne  body, 
by  that  force  alone  a&ing  upon  it,  would  uniformly  defenbe  t 
right  line  a  d  ;  and  any  part  of  the  line  of  diredion,  as  a  h,  re- 
prefents  the  time  in  which  it  would  be  deferibed. 
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Suppofe  that  the  force  of  gravity,  acting  alone,  would  have, 
in  the  fame  time,  carried  the  body  from  a  to?;  compleat  the 
parallelogram  apmh,  and,  at  the  end  of  the  time  icpicieutc-.l 
by  a  h,  the  body  will  actually  be  found  in  m.  Since,  by  the 
firft  Corollary  of  the  firft  Lemma,  the  time  in  which  the 
body  falls  from  b  to  a  is  the  fame  in  which  it  would  defcribe 
2  a  b  .by  an  uniform  motion,  with  a  velocity  equal  to  that 
acquired  at  a,  therefore  that  time  will  be  reprefented  by  2  a  b. 
But  the  time  in  which  the  body  would  fall  from  a  to  p  being 
reprefented  by  a  h,  it  follows,  from  the  fecond  Corollary  of  the 
fame  Lemma ,  that  apjab::  a  h  2 :  4  a  b  2,  and  4abxap  =  ah 
-pm2  :  from  which  it  appears  that  the  point  m  is  a  point  in 
the  Parabola  whofe  diameter  is  ap  and  vertix  a,  having  the 
parameter  of  that  diameter  equal  to  4AB. 

Corol.  1 .  It  is  evident  that  the  line  a  h  is  a  tangent  to  the 
Parabola  in  a,  becaufe  it  is  parallel  to  the  ordinate  p  m. 

Corol.  2.  Since  .4  a  b  is  the  parameter  of  the  diameter  a  p,  it 
follows  that  the  parameters  belonging  to  the  vertex  a  of  the 
diameter  a  p  are  always  in  the  duplicate  ratio  oi  the  velocities 
of  the  projection,  the  fpace  a  b  being  always  as  the  fquare  of  the 
velocity  acquired  by  falling  from  b  to  a.  It  follows  alfo  that 
the  parameter  of  a  p  is  the  fame  when  the  velocity  of  the  pro¬ 
jection  is  the  fame,  whatever  the  direction  a  h  of  the  pro¬ 
jectile  be. 

Corol.  3.  If  from  A  as  centre  you  defcribe  the  femicirtle 
b  q^l,  its  circumference  fhall  be  the  locus  of  all  the  foci  ol  the 
parabolas  that  can  be  defcribed  by  a  projeCtile  thrown  from  a, 
with  the  velocity  it  could  acquire  falling  from  e  to  A  :  f6r,  by 
a  known  property  of  the  parabola,  the  diftance  of  the  locus 
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from  a  is  always  equal  to  £  of  the  parameter  of  the  diameter 
that  paffes  thro’  a  :  that  is,  to  \  of  4  a  b  or  to  a  b  itfelf ;  all 
the  foci  muft  therefore  be  found  in  the  femicircle  b  q^l. 

Carol.  4.  Hence  it  is  eafy  to  determine  the  parabola  deferibed 
when  the  direction  of  the  projedile  is  given  ;  for  you  need 
only  draw  a  f  fo  as  to  make  the  angle  fad  equal  to  the  given 
one  dab,  which  the  direction  a  d  makes  with  the  perpendi¬ 
cular  A  b,  and  the  point  f  where  a  f  cuts  the  femicircle  b  cll 
ihall  be  the  focus  required  ;  and,  if  you  draw  thro’  f  the  line 
f  n  parallel  to  a  b  cutting  the  dire&rix  b  e  in  n,  it  Ihall  be  the 
axis,  and  j,  the  middle  point  betwixt  f  and  n,  fhall  be  the 
vertex  of  the  parabola,  4  f  i  being  the  parameter  of  the  axis. 

1 

Carol.  5.  If  you  draw  a  line  thro’  the  vertex  1  parallel  to  the 
dire&rix ,  meeting  A  b  in  c  it  muft  be  bifeded  by  the  line  of 
diredion  in  d  ;  and  if  you  draw  a  line  from  the  focus  f,  to  d, 
it  will  be  perpendicular  to  the  tangent,  and  will  pafs  thro’  b  if 
produced,  as  appears  from  the  properties  of  the  parabola  :  and 
therefore  a  femicircle  deferibed  upon  ab  as  diameter  will  always 
pafs  thro’  the  point  d,  where  the  line  of  diredion  cuts  c  1  the 
tangent  to  the  vertex  of  the  parabola. 

Definition.  If  you  draw  a  line  thro’  the  point  A,  parallel  to 
the  horizon,  cutting  the  axis  in  o  and  the  parabola  in  k,  then 
a  k  is  called  the  amplitude  of  the  parabola. 

PROPOSITION  II. 

'The  amplitude  ofi  any  parabola  is  always  equal  to  jour  times 
the  fine  of  double  the  angle  which  the  line  of  direction  makes  with 
the  vertical ,  taking  the  half  of  a  b  for  radius .  x 

For 
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For  ak=2Ao=2ci  =  4cd;  but  a  k  is  the  amplitude  of : 
the  parabola,  and  c  d  is  the  fine  of  the  angle  d  g'b,  which  is 
the  double  of  bad,  if  you  take  g  b  (=i  a  b)  for  radius. 

Therefore  the  amplitude  is  equal  to  4  times  the  fine  of 
double  the  angle  bad,  which  the  vertical  makes  with  the  line 
of  direction. 

-  •'  •  •  •  '■  •  ?  r  *  > 

Carol  1.  The  velocity  of  projedion  being  given,  the  ampli¬ 
tudes  are  to  one  another  as  the  lines  of  double  the  angles  of 
inclination. 

* 

/  v."  »  )■  l  .  •  \  /  • ' /  \ 

Corol  2.  If  the  angle  bad  does  not  exceed  450,  then  it  is 
plain  that  the  more  acute  that  angle  is,  the  amplitude  a  k  mull 
be  the  lefs  ;  fince  the  fine  of  double  that  angle  muft  become 
lefs,  and  the  amplitude  is  equal  to  four  times  the  line. 

H  "v*i  •.  '  C  *  j  -  •  •  •  .  v '  * 

When  the  angle  bad  vanifhes,  then  the  parabola  a  i  k  coin¬ 
cides  with  the  ftreight  line  a  b  ;  and  the  projedile,  inftead  of 
defcribing  a  curve,  will  only  rife  to  b  and  fall  again  to  a. 

...  '  ■  j .  •  . :  T .  -  > ,  \  A 1 

On  the  other  hand,  the  more  the  angle  bad  approaches  to 
450,  the  line  c  d,  which  is  the  line  of  double  that  angle,  be™ 
comes  the  greater  :  and  therefore  the  amplitude  a  k,  which  is 
quadruple  of  that  fine,  muft  alfo  become  the  greater. 

Corol.  3.  When  the  angle  bad  becomes  45%  the  points  p 
and  o  ftiall  fall  on  the  point  cl,  where  the  femicircle  b  cll  cuts 
the  horizontal  line  a  k  ;  the  fine  c  d  of  double  bad  becomes 
now  the  fine  of  90°,  and  therefore  is  equal  to  the  radius  g  a. 


But 
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But  fince  the  radius  is  the  greateft  fine,  it  is  plain  that  now 
the  amplitude  A  k  is  the  greateft  that  can  be  defcribed  by  any 
projectile  thrown  from  a  with  a  velocity  which  it  would  have 
acquired  by  falling  from  b  to  a  :  and  this  greateft  amplitude  is 
always  double  of  ba;  for  a  k  in  this  cafe  is  equal  to  4  A  g 
—  2  a  b.  Hence  it  appears,  that  if  you  throw  a  body  in  a  di¬ 
rection  that  makes  an  angle  of  450  with  the  horizon,  it  will  be 
carried  farther  on  the  horizontal  line,  than  if  you  threw  it  with 
the  fame  force  in  any  other  direction. 

Corol.  4.  When  the  angle  bad  is  greater  than  450,  then  ac¬ 
cording  as  it  approaches  to  a  right  angle,  the  parabola  becomes 
more  and  more  open,  but  the  amplitudes  a  k  decreafe  as  the 
angle  bad  increafes ;  for  a  k  =  4  c  d,  and  cd  muft,  in  this  cafe, 
decreafe  according  as  b  ad  increafes. 

If  of  two  directions  a  d  and  A  d ,  the  elevation  of  the  one  ex¬ 
ceeds  that  of  450  as  much  as  the  elevation  of  the  other  wants 
of  it,  their  amplitudes  will  be  equal  ;  for  the  fines  of  double 
thefe  angles  muft  be  equal,  becaufe  they  are  fupplements  to  two 
right  angles,  to  one  another  :  but  the  amplitudes  of  the  para¬ 
bola  are  always  quadruple  of  thefe  fines,  and  therefore  they 
muft  alfo  be  equal  to  one  another.  That  the  doubles  of  thefe 
angles  are  fupplements  to  one  another  appears  thus :  let  their 
difference  from  450  be  called  a,  and  the  greater  fhall  be  45°+ a, 
the  leffer  45°-a,  their  doubles  fhall  be  90°4  2Aand  900— 2  a, 
which  are  fupplements  to  each  other  becaufe  together  they  make 
up  1800. 

Corol.  5.  When  the  angle  bad  becomes  a  right  angle,  then 
A  b  becomes  the  axis,  and  a  the  vertex  of  the  parabola,  c  d 
vanifhes,  and  a  k  becomes  =  o. 

1 


Corol . 
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Carol  6.  When  the  angle  bad  becomes  greater  than  a  right 
one,  then  the  curve  defcribed  fhall  be  only  a  portion  of  the 
parabola  that  we  have  confidered  in  the  preceding  corollaries, 

lying  on  the  other  fide  of  a. 

CoroL  7.  If  there  is  given  the  impetus  or  velocity  wherewith 
the  projectile  is  thrown,  and  the  angle  of  elevation,  or  its  com¬ 
plement  b  a  d,  you  may  find  the  amplitude  a  k,  and  the  alti¬ 
tude  of  the  parabola  defcribed  by  this  projection.  For  feeing 
the  amplitude  of  45°  is  2  a  b  (which  is  the  line  that  always 
exprefles  the  velocity,  fince  by  falling  thro  it  the  velocity  is 
acquired)  you  may  fay  as  the  radius  (or  fine  of  90  )  is  to  the 
fine  of  double  the  angle  bad,  fo  is  2  a  b  to  a  k  the  amplitude 
fought,  (by  Cor .  1.)  :  the  amplitude  being  found,  you  may  find 
the  altitude  by  faying,  as  radius  is  to  the  tangent  of  the  angle 
of  elevation,  fo  is  cd  (=Jak)  to  a  c  the  altitude  fought. 

CoroL  8.  If  you  have  given,  the  amplitude  a  k,  and  the 
angle  of  elevation  dak,  you  may  find  the  impetus  neceflary 
to  defcribe  a  parabola  that  {hall  have  that  amplitude,  by  this 
proportion  ,  as  the  line  of  double  the  angle  of  elevation,  is  to 
the  radius,  fo  is  one  half  of  the  given  amplitude  to  a  b,  the 
fpace  thro’  which  a  body  muft  fall  to  acquire  the  neceflary  im¬ 
petus. 

0- 

CoroL  9.  If  the  impetus  and  amplitude  be  given,  the  ^  di¬ 
rection  may  be  found  by  this  rule.  Fir  A  find  a  b,  by  falling 
thro’  which  the  given  impetus  may  be  acquired  ;  then  fay,  as 
the  double  of  this  line  to  the  given  amplitude,  fo  is  the  radius, 
to  the  fine  of  double  the  angle  of  elevation,  and  this  angle  or 
its  complement  will  fatisfy  the  problem. 


PROPO- 
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PROPOSITION  III.  Fig.  VI. 

A  projeEUle  thrown  in  the  direction  a  e,  with  the  velocity 
it  would  acquire  by  falling  from  b  to  a,  will  fir  ike  a?ty  line  a  n 
in  Kj  Jo  that  a  k  fhallbe  equal  to  4c d  :  fuppofing  a  g  perpendi¬ 
cular  to  the  line  a n,  the  angle  gb  a  —  gab,  and  that  the  circle 
defer ibed  from  g  as  centre ,  with  the  radius  g  a,  cuts  the  di- 
reElion  ae  in  d,  and  that  dc  is  parallel  to  an,  meeting  ab/Vz  c. 

For  it  is  plain  that  the  angle  adc  (=  d  a  k)  =  d  b  a,  by 
Eucl.  32.  3.  and  that  confequently  the  triangles  adc,  adb  are 
fimilar,  having  the  angle  at  a  common,  and  the  angle  adc, 
abd;  therefore  ac:ad::ad:ab::  (becaufe  of  the  iimilar  tri¬ 
angles  acd,  pak)  ap:pk::  (by  the  property  of  the  parabola) 
p k :  4  A b,  therefore  ad  =^p  k,  and  confequently  cd=Jak,  or 
a k  =4  c  d. 


Carol.  1 .  Draw  thro' d  a  parallel  to  a  b  meeting  the  circle  in 
d ,  and  draw  a  d ;  then  will  the  projectile  thrown  in  the  direction 
a  d  ftrike  the  line  a  n  in  the  fame  point  k  ;  for  cd  —cd. 

Corol.  2.  Let  h  l,  parallel  to  A  b,  touch  the  circle  in  h,  then 
fhall  a  h  be  the  direction  which  will  carry  the  projectile  fartheft 
on  the  line  a  n  ;  becaufe  when  d  comes  to  h,  then  c  d  is  the 
greatefl  it  can  poffibly  be,  and  confequently  ak  (— 4c d)  is  then 
the  greateft  diftance  the  projeCtile  can  be  carried  to,  on  the  line 
a  n,  by  the  velocity  acquired  by  falling  from  b  to  a.  But 
it  is  plain  that  the  angle  han=hba=hab,  therefore  the  di¬ 
rection  a  h  bifeCts  the  angle  ban  which  the  line  a  n  makes  with 
the  vertical  a  b. 


Corol . 
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CoroL  3.  The  lines  ad,  Ad,  make  equal  angles  "with 
a  h,  alfo  the  angle  d  a  n  =  d  a  b  ;  and  when  thefe  angles  are 
equal  the  diftance  a  k  is  the  fame. 

CoroL  4.  When  a  k  is  given  and  the  direction  is  required, 
take  AR=|of  a  k,  and  thro’  r  drawRD  parallel  to  ab,  meeting 
the  circle  in  d  and  d  ;  then  draw  ad,  a  d ;  and  thefe  will  be 
the  directions 

II.  Of  the  cycloid ;  and  the  motion  of  a  pendulum  in  it. 

Definitions .  If  thecircle  cdh(E^.  VII.)  roll  on  the  given  ftreight 
line  ab,  fothat  all  the  parts  of  the  circumference  be  applied  to  it 
one  after  another,  the  point  c  that  touched  the  line  a  b  in  a, 
by  a  motion  thus  compounded  of  a  circular  and  rectilineal 
motion,  will  defcribe  the  curve  line  aceb  which  is  called  the 
cycloid.  The  fir  eight  line  a  b  is  called  the  bafe  ;  the  line  e  f  per¬ 
pendicular  to  ab,  bifedting  it  in  f,  the  axis;  and  the  point  e 
the  vertex  of  the  cycloid.  The  circle  by  whofe  revolution  the 
curve  line  is  defcribed,  is  called  the  generating  circle.  The  line 
ck  parallel  to  the  bafe  ab,  meeting  the  circle  in  c  and  the. axis 
in  k,  is  called  an  ordinate  to  the  axis  ;  and  a  line  meeting  the 
curve  in  one  point,  that  produced  does  not  fall  within  the  curve, 
is  called  a  tangent  to  the  curve  in  that  point. 

\ 

PROPOSITION  I. 

On  the  axis  e f  defcribe  the  ge?ierating  circle  egf,  meeting 
the  ordinate  ck  in  g  ;  and  the  ordinate  will  be  equal  to  the  fum 
■of  the  arc  eg  and  its  right  fine  gk;  I  fay,  c  k=e  G-f  gk. 

'  .  \  * 

It  is  plain,  from  the  definition,  that  the  line  a  b  is  equal  to 
the  whole  circumference  of  the  generating  circle,  and  there- 

*  Sic  more  on  this  fubjeft  in  Mr.  Gray9 s  treatife  of  Gunnery ,  London  1731. 

E  e 


fore 
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fore  a  f  muft  be  equal  to  the  femicircumference  eg  f.  It  is  alfo 
obvious,  from  the  dcfcription  of  the  curve,  that  the  arc  cd  is 
equal  to  the  line  a  d,  and  confequently  the  arc  c  h  equal  to  d  f 
or  i  k  or  cg  ;  but  the  arc  c h  is  equal  to  the  arc  eg  ;  there¬ 
fore  cg  is  equal  to  the  arc  eg,  and  the  ordinate  ck(cg+gk) 

muft  be  equal  to  the  fum  of  the  arc  e  g  and  the  right  line  g  k. 

PROPOSITION  II. 


Toe  line  c  h,  parallel  to  the  chord  e  g,  is  a  tangent  to  the 
cycloid  in  c.. 

Draw  an  ordinate  ck  very  near  c  k,  meeting  the  curve  in  c, 
the  circle  in  g ,  and  the  axis  in  k  :  let  c  u  and  g  n,  parallel  to 
the  axis,  meet  the  ordinate  ck  in  u  and  n  ;  and  from  o  the 
centre  of  the  circle  egf,  draw  the  radius  o  g.  Since  c  k  -ig + 
ZL  therefore  cu=Gg+gn  ■  and  if  you  fuppofe  the  ordinate 
ck  to  approach  to  the  ordinate  c  k,  and  at  lengt  to  com 
cide  with  it,  as  g g  and  on  vanifti,  the  triangles  eg n  and 
g  o  K  become  fimilar,  whence  o  g :  g  n : :  o  g  :  o x,  and  g^  +gn : 
m::og+qk(=fk):  ok  ;  but  cn:g  n ::  GK:.o  K,  therefore  G£  + 
dniGn  ::fK:gK::gK:eK;  and  confequently  cu:cu: :  gk:eK; 
find  if  you  draw  the  chord  cc,  the  triangles  cue,  ekg  will  be 
fimilar  ;  fo  that  the  chord  cc,  as  the  points  c  and  c  coincide, 
becomes  parallel  to  eg:  therefore  the  tangent  of  the  cycloid 

at  c  is  parallel  to  e  g. 

PROPOSITION  HI. 

The  arc  of  the  cycloid  e  l  if  double  of  the  chord  E  m  of  the 
tor  ref  ponding  arc  of  the  generating  circle  e  m  f. 


Let 
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Let  k  l  and  k  s  be  two  very  near  ordinates  of  the  cycloid, 
meeting  the  generating  circle  in  m  and  q_;  produce  the  chord 
e  m  till  it  meet  the  ordinate  k  s  in  p  ;  let  q _o  be  the  perpendi¬ 
cular  from  o_on  mp;  then  draw  the  lines  e  n  and  m  n,  touching 
the  circle  in  e  and  m. 

Becaufe  the  triangles  enm,  p  q_m  are  iimilar,  and  en-nm, 
therefore  PQ^is  equal  to  q_m  ;  and  the  triangle  pqju  being 
ifofceles,  the  perpendicular  q  0  bifedts  the  bafe  p  m  ;  fo  that 
m  p  is  double  of  m  0  :  but,  by  the  laft  propofition,  l  s  is  pa¬ 
rallel,  and  confequently  equal,'  to  m  p,  and  l  s  is  equal  to 
2  m  0.  The  line  l  s  is  the  increment  of  the  curve  e  l,  gene¬ 
rated  in  the  fame  time  that  the  chord  e  m  increafes  by  m  0,  imce 
e  q  is  equal  to  e  0,  when  the  points  q_  and  m  come  together  : 
Therefore  the  curve  increafes  with  double  the  velocity  that  the 
chord  increafes  ;  and  fince  they  begin,  at  e,  to  increafe  toge¬ 
ther,  the  arc  of  the  cycloid  e  l  will  be  always  double  of  the 
chord  e  m. 

I  ’  ’  --  •'  .  *  *  t 

Corol.  The  femi-cycloid  elb  is  equal  to  twice  the  dia¬ 
meter  of  the  generating  circle,  e  f  ;  and  the  whole  cycloid 
a  c  e  b  is  quadruple  of  the  diameter  e  f. 

PROPOSITION  IV. 

Let  er&  parallel  to  the  bafe  ab,  and  cr  parallel  to  the  axis 
of  the  cycloid ;  and  the  fpace  ecr,  bounded  by  the  arc  of  the 
cycloid  e  c  and  the  lines  e  r  and  rc,  fjall  be  equal  to  the  circular 
area  e  g  k. 


E  e  2 


Draw 
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Draw  c  r  parallel  to  c  r  ;  and  lince  c  u:  c  u  :  :  gk:ek; 
therefore  e  kxc«,  and  confequently  r  ^xc  r  =  gk 

x  k  k  :  therefore  the  little  fpace  c  yl  k g.  So  that  the 

areas  ecr,  e  g  k  increafe  by  equal  increments ;  and  fince  they 
begin  to  flow  together,  therefore  they  mu  ft  be  equal. 

CoroL  i.  Let  at,  perpendicular  to  the  bafe  a  b,  meet  e  r 
in  t,  and  the  fpace  etace  will  be  equal  to  the  femicircle 

E  G  F. 

CoroL  2.  Since  a  f  is  equal  to  the  femicircumference  egf, 
the  redlangle  efat,  being  the  re&angle  of  the  diameter  and 
femicircumference,  will  be  equal  to  four  times  the  femicircle 
egf:  and  therefore  the  area  ecafi  will  be  equal  to  three 
times  the  area  of  the  generating  femicircle  egf. 

CoroL  3.  If  you  draw  the  line  e  a,  the  area  intercepted  be¬ 
twixt  the  cycloid  eca  and  the  ftreight  line  e  a  will  be  equal 
to  the  femicircle  egf;  for  the  area  ecafe  is  equal  to  three 
times  egf,  and  the  triangle  eaf  =  afx^ef  the  rectangle 
of  the  femicircle  and  radius,  and  confequently.  equal  to  2  e  g  f  ; 
therefore  their  difference,  the  area  ecae,  is  equal  to  e  g  f. 

PROPOSITION  V. 

Take  E^=o  k,  draw  b  z  parallel  to  the  bafe ,  meeting  the  ge¬ 
nerating  circle  in  x,  and  the  cycloid  in  z,  and  join  c  z,  f  x  :  then  . 
the  area  c  z  E c  be  equal  to  the  fwn  of  the  triangles  gfk 

b  f  x. 


fhall 

and 


Draw 
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Draw  z  d  parallel  to  the  axis  E  f,  meeting  E  t  produced  in 
d ,  and  the  trapezium  rcz  d  will  be  equal  to  \  c  r  -f  \  z  d  x  r  d 
=  (becaufe  z^=e^=ok)^oExr^.  But  r^=re  +  e  d~ 
c  k  +  b  z=  eg+gk  +  ex  +  ^xj  therefore  the  trapezium  rcz  d 
is  equal  to  the  fum  of  the  redangles  of  half  the  radius  and  the 
arcs  eg,  ex,  added  to  their  fines  gk,  and  b  x.  But  the  area 
e  g  f,  /.  e.  the  triangle  egp  and  the  fegment  cut  off  by  the 
chord  E  g,  is  equal  to  the  redangle  contained  by  half  the  ra¬ 
dius  and  the  fum  of  the  arc  e  g  and  its  right  fine  g  k  ;  and  the 
area  exf  confiding  of  the  fedor  Eox  and  the  triangle  x  o  f  is 
equal  to  the  redangle  of  half  the  radius  and  the  fum  of  the  arc 
E  x  and  and  its  right  fine  b  x  ;  therefore  the  trapezium  rcz  d 
is  equal  to  the  fum  of  the  areas  egf  and  exf.  By  the  laft 
propofition,  the  area  ecr  is  equal  to  gk,  and  e  zi=E^x; 
from  the  trapezium  rcz  d  fubtrad  the  areas  ecr,  ez^  and 
from  the  areas  egf,  e  x  f,  fubtrad  the  areas  E  g  k,  e  b  x7 
and  there  will  remain  the  area  czec  equal  to  the  fum  of  the 
triangles,  gfk,  b  f  x. 

Carol.  1 .  Hence,  an  infinite  number  of  fegments  of  the  cy¬ 
cloid  may  be  affigned  that  are  perfedly  quadrable.  For  ex¬ 
ample,  if  the  ordinate  c  k  be  fuppofed  to  cut  the  axis  in  the 
middle  of  the  radius  o  e,  then  k  and  b  coincide  ;  and  the  area 
E  c  k  becomes  in  that  cafe  equal  to  the  triangle  g  k  f,  and  e  bz, 
becomes  equal  to  f  b  x ;  and  thefe  triangles  themfelves  become 
equal.  ^ 

Corot.  2.  Suppofe  now  that  k  comes  to  the  centre  o,  and  c 
comes  to  i ;  then  becaufe  o  k  vanifhes,  therefore  E  b  vanifhes, 
and  the  fpace  czec  becomes  in  this  cafe  E  c  /  e,  which  is 
equal  to  \  o  E  2  \  for  the  triangle  b  f  x  in  this  cafe  vanifhes. 

But 
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But  to  return  from  this  digrejfion  ; 

P  II  O  P  O  S  I  T  I  O  N  VI.  Fig.  VIII. 

Let  a  t  c  he  a  femi-cycloid  having  its  bafe  E  c  parallel  to  the 
horizon ,  and  its  vertex  a  downwards  :  fupp°fe  a  firing,  with  a 
J pendulum ,  of  the  length  of  the  femi-cycloid ,  fufpended  at  c,  and 
applied  to  the  femi-cycloid  c  t  a  j  the  body  p,  by  its  gravity ,  will 
gradually  feparate  the  firing  from  the  femi-cycloid  c  t  a,  and 
will  defcribe  an  equal  femi-cycloid  a  p  v,  having  its  vertex  in  v, 
its  axis  perpendicular  to  the  horizon . 


On  the  axis  a  e  defcribe  the  generating  femicircle  age,  draw 
a  b  cutting  the  vertical  line  c  v  in  d,  and  on  d  v,  taken  equal 
to  ae,  defcribe  the  femicircle  d  h  v.  Then,  Bnce  the  femi- 
cycloid  c  t  a  is  equal  to  2  ae  or  cv,  (by  Cor.  Prop.  III.) therefore 
the  body  p  will  come  to  v,  when  the  firing  ctp  comes  to  a 
vertical  fituation.  Thro’  t  and  p  draw  t  g  and  p  h  parallel  to 
a  d,  meeting  the  femicircles  in  g  and  h  ;  and  fmce  the  (freight 
part  of  the  firing  t  p  is  equal  to  the  curve  t  a  to  which  it  was 
applied,  therefore  tp  =  2ag=2tk,  and  confequently  t  k 
and  k  p  are  equal,  and  the  points  g  and  h  mu  ft  be  equally  dif- 
tant  from  the  line  a  d  :  and  therefore  the  arc  a  g  will  be  equal 
to  d  h,  and  confequently  the  angle  g  a  d  =  a  d  h  ;  and  the 
phords  g  a,  d  h,  are  parallel.  But  tp,  being  a  tangent  to  the 
cycloid  in  t,  is  parallel  to  g  a  ;  therefore  dkph  is  a  paral¬ 
lelogram,  and  d  k  is  equal  to  p  h.  But  the  arc  a  g  is  equal  to 
G  t,  b y  Prop.  I.  and  therefore  the  arc  ag-ak  ;  and  lince 
a  d  =  A  g  e,  it  follows  that  d  k  or  p  H  =  g  e  or  h  v  :  and  if 
p  h  be  produced  till  it  meet  the  axis  in  r,  then  fhall  tne  ordi¬ 
nate  p  r  be  equal  to  the  fum  of  the  arc  h  v  and  its  right  fine 
ii  r.  and  therefore  the  point  p,  by  Prop .  I.  mud  be  in  a  fe- 

i  mi-cycloid, 
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mi-cycloid,  whole  generating  circle  is  dhv,  its  axis  d  v ,  and 
vertex  v. 

Carol.  If  another  femi-cycloid  equal  to  c  t  a,  as  c  t  b,  be 
placed  in  a  contrary  fituation,  it  is  plain,  that,  by  means  of 
tliefe  femi-cycloids,  a  pendulum  may  be  made  to  defcribe  the 
cycloid  a  v  b  in  its  oicillations. 


PROPOSITION  VII. 

Let  v  l,  perpendicular  to  d  v,  be  equal  to  any  arc  of  the  cy¬ 
cloid  v  m  l  ;  defcribe  with  the  radius  v  l  the  femiciiife  l  z  /  ; 
and fuppofing  the  pendulum  to  begin  an  ofcillation  from  l,  the  ve¬ 
locity  acquired  at  m,  in  the  cycloid ,  will  be  as  m  x  the  ordinate  of 
the  circle  at  the  correfponding  point  m  in  the  freight  line  v  l  : 
and  the  force  by  which  the  motion  of  the  pendulum  is  accelerated 
in  m,  is  as  the  arc  of  the  cycloid  v  m  that  remains  to  be  de- 

fcribed. 


Let  l  r,  m  s  be  perpendiculars  to  the  axis  v  v,  meeting  the 
generating  circle  in  o  and  q_,  and  draw  the  chords  v  o,  v 
then  by  Cor.  3.  Lemma  3.  the  velocity  of  the  pendulum  at  m, 
will  be  the  fame  as  would  have  been  acquired  by  a  body  di- 
re&ly  falling  from  r  to  s,  and  the  velocity  acquired  at  v  will  be 
the  fame  as  would  have  been  acquired  by  a  body  diredly  falling 

from  r  to  v  ;  but  thefe  velocities  are  to  one  another  as  ✓  r  s  to- 


Jjv,  by  Cor.  2.  Lemma  1  •  and  hnce  r  v  :  s  v  :  :  v  o  :  v  q__ 

_  c  ■  XT  { —  P  Q^**  VO“!VO*  —  VQ  l  •  V  L  IVL 


and  r  v  :  r  v  -  s  v  (=  r  s)  :  :  v  o  2  :  v  o  *  -  v  q_' 

-  v  m  2  (becaufe  v  l.=  2  v  o  and  v  m  =  2  v  q_),  it  follows  that 
the  velocity  of  the  pendulum  acquired  in  m  is  to  the  velocity 

acquired  in  v,,  as  )vl 


•  VM 


to  v/  v  l  %  or  as  m  x  to  v  z. 


The 
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The  force  of  gravity  that  is  fuppofed  invariable,  ading  in  the 
direction  of  the  diameter  d  v,  may  be  reprefented  by  d  v  ;  and 
may  be  refolved  into  the  two  forces  r>  cl  and  v  q_,  whereof 
the  firft  d  cl,  parallel  to  t  m  the  firing,  ferves  only  to  ftretch 
the  firing,  and  does  not  at  all  contribute  to  accelerate  the  mo¬ 
tion  of  the  pendulum  ;  it  is  only  the  force  reprefented  by  the 
chord  vojihat  accelerates  the  motion  of  it  along  the  curve  m  my 
and  is  all  employed  to  produce  that  effed,  the  diredion  v  cl 
being  parallel  to  the  tangent  of  the  cycloid  at  m,  by  Prop.  II. 
But  v  m=  2  v  q,  by  Prop.  Ill  ;  therefore  the  force  that  accelerates 
the  pendulum  at  m,  is  as  the  arc  of  the  curve  v  m. 

Corol.  It  is  obvious  from  the  demonftration,  that  the  part  of 
the  gravity  which  the  firing  fufiains  in  any  point  m,  is  to  the 
whole  weight  of  the  pendulum,  as  the  chord  d  q_  to  the  dia¬ 
meter. 


PROPOSITION  VIII. 

Suppofe  that  the  circle  l  z  l  is  defer ibed  by  the  body  x  with  an 
uniform  motion ,  by  the  velocity  acquired  by  the  pendulum  in  v  ; 
and  any  arc  of  the  cycloid ,  as  m  n,  will  be  defer  ibed  by  the  pen- 
dulum ,  in  the  fame  time  as  the  arc  of  the  circle  x  y  by  that  uniform 
motion  :  taking  v  n,  on  the  freight  line  v  l,  equal  to  y  n  in  the 
cycloid ,  and  drawing  n  y  parallel  to  v  z,  meeting  the  circle  in  y. 


Let  x  m  be  an  ordinate  very  near  to  x  m,  and  draw  x  r  pa¬ 
rallel  to  the  diameter  l  /,  meeting  x  m  in  r  ;  then,  fince  the 
triangles  xrx  and  vxm  are  fimilar,  it  follows  that  x  x  :  u  m, 
{—  x  r)  :  :  v  x  :  m  x,  that  is,  as  the  velocity  of  the  body  x  to 
that  of  the  body  m  :  and  confequently  the  fpaces  xx  and  m  m  will 
be  defciibed  in  the  fame  time  by  thefe  bodies,  the  times  being 

i  always 
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always  equal  when  the  fpaces  are  taken  in  the  fame  ratio  as  the 
velocities.  After  the  fame  manner,  the  other  correfponding 
parts  of  the  lines  m  n  and  x  y  will  be  defcribed  in  the  fame 
time  ;  and  therefore  the  whole  fpace  m  n  will  be  defcribed  in 
the  fame  time  as  the  arc  xy. 

Cor.  Therefore  the  pendulum  will  ofcillate  from  l  to  v,  in 
the  fame  time  as  the  body  x  will  defcribe  the  quadrant  l  z. 

PROPOSITION  IX. 

"The  time  of  a  complete  ofcillation  in  the  cycloid  is  to  the  time 
in  which  a  body  mould  fall  thro  the  axis  of  the  cycloid  d  v,  as 
the  circumference  of  a  circle  to  its  diameter. 

The  time  in  which  the  femi-circumference  lz /  is  defcribed 
by  the  body  x,  is  to  the  time  in  which  the  radius  l  v  could  be 
defcribed  with  the  fame  velocity  ;  as  the  circumference  of  a 
circle,  to  its  diameter.  But  the  fame  time,  in  which  the  femi- 
circumference  l  z  /  is  defcribed  by  the  body  x,  is  equal  to  the 
time  of  the  complete  ofcillation  l  v  p  in  the  cycloid,  by  the 
Corollary  of  the  la  ft  propofition.  The  time  in  which  a  body 
falls  from  o  to  v,  along  the  chord  o  v,  is  equal  to  the  time  in 
which  l  v  (=  2  o  v)  could  be  defcribed  by  the  velocity  acquired 
at  the  point  v,  by  Cor.  r .  Lem.  1 .  and  Cor.  3 .  Lem.  3 .  and 
the  time  of  the  fall  thro’  the  chord  o  v  is  equal  to  the  time  of 
the  fall  thro’  the  diameter  d  v,  by  Cor.  4.  Lem.  3.  confequently 
the  time  in  which  l  v  could  be  defcribed  by  a  velocity  equal  to 
that  of  the  body  x,  is  equal  to  the  time  of  a  fall  thro’  the  dia¬ 
meter  d  v.  It  follows  therefore  that  the  time  of  the  entire  of¬ 
cillation  lvp,  is  to  the  time  of  a  fall  thro’  the  diameter  dv  ;  as 
the  circumference  of  a  circle,  to  its  diameter. 

F  f 
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Corol.  1.  Hence  the  ofcillations  in  the  cycloid  are  all  per¬ 
formed  in  equal  times }  for  they  are  all  in  the  fame  ratio  to  the 
time  in  which  a  body  falls  thro’  the  diameter  d  v.  If  therefore 
a  pendulum  ofcillates  in  a  cycloid,  the  time  of  the  ofcillation 
in  any  arc  is  equal  to  the  time  of  the  ofcillation  in  the  greateft 
arc  b  v  a,  and  the  time  in  the  leaft  arc  is  equal  to  the  time  in 

the  greateft. 

Corol  2.  The  cycloid  may  be  confidered  as  coinciding,  in  v, 
with  any  fmall  arc  of  a  circle  defcribed  from  the  centre  c  ; 
paffing  thro’  v  ;  and  the  time  in  a  fmall  arc  of  fuch  a  circle 
will  be  equal  to  the  time  in  the  cycloid  ;  and  hence  is  under¬ 
flood  why  the  times  in  very  little  arcs  are  equal,  becaufe  thefe 
little  arcs  may  be  confidered  as  portions  of  the  cycloid  as  well 
as  of  the  circle. 

Corol  3.  The  time  of  a  complete  ofcillation  in  any  little 
arc  of  a  circle,  is  to  the  time  in  which  a  body  would  fall  thro 
half  the  radius ;  as  the  circumference  of  a  circle,  to  its  dia¬ 
meter  :  and  fmce  the  latter  time  is  half  the  time  in  which  a  body 
would  fall  thro  the  whole  diameter,  or  any  chord,  it  follows 
that  the  time  of  an  ofcillation  in  any  little  arc,  is  to  the  time  in 
which  a  body  would  fall  thro  its  chord  j  as  the  femicircle,  to 

the  diameter. 

Suppofe  nv  a  fmall  arc  of  the  circle  defcribed  from  the  centre 
c  ;  then  the  time  in  the  arc  n  v  is  fo  far  from  being  equal  to 
the  time  in  the  chord  nv,  even  when  they  are  fuppofed  to  be 
evanefcent,  that  the  laft  ratio  of  thefe  times  is  that  of  the  cir¬ 
cumference  of  a  circle  to  four  times  the  diameter  :  and  hence 
an  error  in  feveral  mechanical  writers  is  to  be  corre&ed,  who, 
from  the  equality  of  the  evanefcent  arcs  and  their  chords,  too 
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rafhly  conclude  the  time  of  a  fall  oi  a  body  in  any  of  thefe 
arcs  equal  to  the  time  of  the  fall  of  a  body  in  their  chords. 

Corol.  4.  The  time  of  the  ofcillations  in  cycloids,  or  in  fmall 
arcs  of  circles,  are  in  a  fubduplicate  ratio  of  the  length  of  the 
pendulums.  For  the  time  of  the  ofcillation  in  the  arc  lvp  is 
in  a  given  ratio  to  the  time  of  the  fall  thro’ d  v,  which  time  is 
in  the  fubduplicate  ratio  of  the  fpace  d  v,  or  of  its  double  c  v 
the  length  of  the  pendulum. 

Corol  5.  But  if  the  bodies  that  ofcillate  be  acted  on  by  un¬ 
equal  accelerating  forces,  then  the  ofcillations  will  be  per¬ 
formed  in  times  that  are  to  one  another  in  the  ratio  compounded 
of  the  diredt  fubduplicate  ratio  oi  the  lengths  of  the  pendu¬ 
lums,  and  inverfe  fubduplicate  ratio  of  the  accelerating  forces  : 
becaufe  the  time  of  the  fall  thro’ d  v  is  in  the  fubduplicate  ratio 
of  the  fpace  d  v  dire&ly  and  of  the  force  of  gravity  inveriely ; 
and  the  time  of  the  ofcillations  is  in  a  given  ratio  to  that  time. 
Hence  it  appears,  that  if  ofcillations  is  of  unequal  pendulums  are 
performed  in  the  fame  time,  the  accelerating  gravities  ot  thefe 
pendulums  muft  be  as  their  lengths  ;  and  thus  we  conclude 
that  the  force  of  gravity  decreafes  as  you  go  towards  the  equator ; 
fince  we  find  that  the  lengths  of  pendulums  that  vibrate  fe- 
conds  are  always  lefs  at  a  lefs  diftance  from  the  equator. 

Corol  6.  From  this  propofition  we  learn  how  to  know 
exactly  what  fpace  a  falling  body  defcribes  in  any  given  time  : 
for  finding,  by  experiment,  what  pendulum  ofcillates  in  that 
time,  the  half  oi  the  length  of  the  pendulum  will  be  to  the 
{pace  required,  in  the  duplicate  ratio  oi  the  diameter  to  the 
circumference  ;  becaufe  fpaces  defcribed  by  a  falling  body,  from 
the  beginning  of  its  motion,  are  as  the  fquares  of  the  times  in 
which  they  are  defcribed ;  and  the  ratio  of  the  times,  in  which 
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thefe  fpaces  are  defcribed,  is  that  of  the  diameter  to  the  circum¬ 
ference  :  and  thus  Mr.  Huygens  demonftrates  that  falling  bodies, 
by  their  gravity  only,  defcribe  1 5  Parijian  feet  and  1  inch  in  a 
fecond  of  time. 

Schol.  That  it  may  be  underftood  how  the  time  in  a  fmall 
arc  is  not  the  fame  with  its  chord,  tho’  the  evanefcent  arc  is 
equal  to  its  chord,  we  may  here  demonftrate,  that  if  v  k  and 
n  Jz  be  two  planes  touching  the  arc  nv  in  v  and  n.  Tho’  the 
evanefcent  chord  nv  be  equal  to  the  fum  of  thefe  tangents  vk 
and  n  ky  yet  the  time  in  the  chord  is  to  the  time  in  thefe  tan¬ 
gents  as  4  to  3. 

By  Cor .  1.  Lem.  3.  the  time  in  N/£isto  the  time  in  nv  as 
n  Jc  to  n  v,  or  as  i  to  2  ;  but  k  v  being  horizontal,  the  motion 
in  k  v  muftjbe  uniform,  and  it  will  be  defcribed  by  that  uniform 
motion  in  half  the  time  the  body  falls  from  n  to  k  :  therefore  if 
the  time  in  which  k  v  is  defcribed  uniformly  be  called  t,  the 
time  in  which  n^  is  defcribed  will  be  2t,  and  the  time  in  which 
the  chord  n  v  will  be  defcribed  will  be  4  t  :  and  confequently 
the  time  in  which  a  body  would  fall  along  the  two  tangents, 
is  to  the  time  in  which  it  would  defcribe  the  chord,  as  3  to  4, 
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BOOK  III. 

Gravity  demonflrated  by  analyfis . 

CHAP.  I. 

Of  the  theory  of  gravity  as  far  as  it  appears  to  have  been  known 

before  Sir  Ifaac  Newton. 

1.  'OROM  experiments  and  obfervation  alone,  we  are 
|H[  enabled  to  colled  the  hiftory  of  nature,  or  defcribe 
JL  her  phenomena.  By  the  principles  of  geometry  and 
mechanics,  we  are  enabled  to  carry  on  the  analyfis  from  the 
phenomena  to  the  powers  or  caufes  that  produce  them  ;  and, 
by  proceeding  with  caution,  we  may  be  fatisfied  that  our  foun¬ 
dations  are  well  laid,  and  that  the  fuperftrudure  raifed  upon 
them  is  fecure.  The  firft  views  which  philofophers  had  of  na¬ 
ture  were  no  better  than  thofe  of  the  vulgar,  being  the  im¬ 
mediate  fuggeftions  of  fenfe.  But  by  comparing  thefe  toge¬ 
ther,  examining  the  nature  of  the  fenfes  themfelves,  correding 
and  afiifting  them  ;  and  by  a  juft  application  of  geometrical 
and  mechanical  principles,  the  fcheme  of  nature  boon  appears 
very  different  to  a  philofopher  from  that  which  is  prefented  to 
a  vulgar  eye.  At  fir  ft  fight,  the  furface  of  the  earth  appears  of 
an  unbounded  extent,  and  of  a  mod  irregular  form  ;  while  all 
the  reft  of  the  univerfe,  the  clouds,  meteors,  moon,  fun,  and 
ftars  of  all  forts,  appear  in  one  concave  furface  bent  towards 
the  earth.  This  was  the  opinion  concerning  the  fyftem  that 
moft  commonly  prevailed  at  firft,  while  their  imagination,  in¬ 
fluenced  by  fuch  prejudices,  made  men  fancy  that  they  faw 
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and  heard  things  impoflible.  Thus  the  Roman  poet  reprefents 
their  army  when  in  Portugal  (the  weftern  boundary  of  the 
great  continent)  as  hearing  the  fun  enter  with  a  hiffing  noife 
into  the  ocean, 

Audiit  herculeo  Jlridentem  gurgite  folem. 

Lucan. 

while  other  travellers  have  talked  of  a  vaft  cavity  in  the  moft  re¬ 
mote  parts  of  the  eaft,  from  whence  the  fun  was  heard  to  iffue 
every  morning  with  an  unfufferable  noiie.  But  philofophers 
foon  difcovered  that  the  earth  was  not  of  an  unbounded  extent, 
but  of  a  globular  form  ;  and  that  the  meteors,  planets,  and 
Bars,  were  not  confined  to  one  concave  furface,  but  difperfed 
in  [pace  at  very  different  diftances  ;  that  their  real  magnitudes 
and  motions  are  very  different  from  their  apparent  ones,  and  are 
not  to  be  deduced  from  the  appearances  in  any  one  place,  but 
from  views  taken  from  divers  points  of  fight,  compared  toge¬ 
ther  by  geometrical  principles. 

2.  As  our  analyjis  of  the  fyftem  mult  be  founded  upon  the 
real  figures,  magnitudes  and  motions,  of  the  bodies  oi  which 
it  is  compofed  ;  fo  we  fiiall  have  an  excellent  inltance  of  the 
method  of  proceeding  by  analyfis  and  fynthejis  if  we  defcribe  in 
what  manner  we  are  enabled,  from  the  apparent  phenomena, 
to  deduce  an  account  of  the  real ;  without  the  knowledge  of 
which  our  enquiries  into  the  powers  or  caufes  that  operate  in 
nature  mult  be  doubtful  or  erroneous.  The  knowledge  of  the 
difpofition  and  motions  of  the  celeftial  bodies  muff  precede  a 
juft  enquiry  into  their  caufes.-  The  former  is  more  fimple,  the 
latter  more  arduous  ;  and  the  former  will  prepare  the  way  for 
the  latter,  and  ferve  to  make  the  reader  acquainted  with  this 

method 
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method  (the  only  one  by  which  certainty  can  be  acquired  in  this 
fcience)  in  ealy  cafes,  before  he  proceed  to  thofe  of  a  more  com¬ 
plicated  nature.  We  fhall  therefore  begin  with  the  plained:  and 
moft  fimple  inftance  of  this  kind,  by  fhewing  briefly  how, 
from  the  phenomena,  the  true  figure,  magnitude  and  motions 
of  the  earth  are  derived  ;  and  how,  thefe  being  eftablifhed,  in¬ 
numerable  phenomena  are  deduced  by  fynthejis . 

3.  It  is  to  fight  that  our  knowledge  of  the  diftant  parts  of 
the  fyftem  is  owing,  thofe  objeds  that  are  very  near  us  falling 
under  the  obfervation  of  the  other  fenfes  only  :  but  this  fenfe, 
however  admirable,  has  its  imperfedions.  Vifion  depends 
upon  the  pidure  of  external  objects  formed  on  the  retina ,  to¬ 
gether  with  a  judgment  of  the  underftanding,  acquired  by  habit 
and  experience  ;  which  is  fo  immediately  connected  with  the 
fenfe,  that  it  is  impoflible,  by  an  ad:  of  refledion,  to  trace  it, 
or,  when  it  is  erroneous,  fuddenly  to  corred  it.  If  vifion  de¬ 
pended  upon  the  pidure  only,  then  equal  pidures  upon  the  re¬ 
tina  would  fuggeft  ideas  of  equal  magnitudes  of  the  objeds  ; 
and  if  the  fmalleft  fly  was  fo  near  that  it  could  cover  a  diftant 
mountain  from  it,  the  fly  ought  to  appear  to  us  to  be  equal  to 
the  mountain.  But  we  have,  by  habit,  acquired  a  faculty  of 
compounding  the  opinion,  or  prejudice,  formed  concerning 
the  diftance  with  the  apparent  magnitude  or  bulk  of  the  image 
formed  on  the  retina  ;  and  this  with  an  inconceivable  quick- 
nefs  of  thought,  fo  that  the  idea  or  image  we  form  to  our- 
felves  of  its  magnitude  is  the  refult  of  both  ;  an  allowance 
being  made  for  the  greater  diftance,  agreeable  to  the  notion  we 
have  conceived  of  it.  Hence  it  is  eafy  to  fee  how  many  fal¬ 
lacies  in  vifion  muft  arife  :  for  as  we  may  be  often  miftaken 
in  our  notion  of  diftance,  fo  every  fuch  miftake  muft  produce 
a  correfponding  error  in  our  idea  of  the  magnitude  of  the 
objed.  Befides,  in  many  cafes,  this  notion  of  diftance  arifes 
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without  reflexion,  from  the  force  of  habit  ;  and  we  find  the 
efted  of  it  takes  place  even  after  the  underftanding  is  better  in¬ 
formed,  and  the  judgment  correded.  Thus  the  moon  con¬ 
tinues  to  appear  bigger  to  us  at  the  horizon  than  at  the  meri¬ 
dian,  even  after  it  has  been  demonftrated  to  us  that  her  diftance 
is  then  greater,  fo  that  Are  ought  really  to  appear  lefs.  Be- 
caufe  (according  to  Kepler  s  obfervation)  the  heavens  appear  to 
us,  not  in  an  hemifpherical  dome,  but  as  a  fegment  of  a 
fphere  lefs  than  the  hemifphere,  we  have  been  accuftomed  to 
afcribe  a  greater  real  magnitude  to  objeds  feen  at  a  great  dif¬ 
tance  along  the  horizon,  than  to  thofe  of  an  equal  apparent 
magnitude  (or  that  have  equal  images  on  the  retina)  feen  at  a 
coniiderable  elevation  about  it  ;  and  hence  he  ingenioufiy  ac¬ 
counts  for  the  moon’s  appearing  bigger  to  us  at  the  horizon 
than  at  the  meridian.  But  after  we  are  better  informed,  and 
know  that  the  apparent  magnitude  of  the  moon  is  lefs  at  the 
horizon  in  the  fame  proportion  as  the  diftance  is  greater,  we 
continue  to  make  an  allowance  not  on  this  account  only,  but 
a  much  greater  than  this  requires,  from  the  great  influence  of 
habit  and  cuftom  *  ;  the  effed  of  which  on  the  mind  and  its 
operations  is  a  fubjed  that  well  deferves  the  particular  attention 
of  philofophers,  but  is  improper  to  be  infifted  on  in  this  place, 
left  we  fhould  feem  to  mix,  without  neceflity,  what  is  obfcure 
and  uncertain  with  what  is  clear  and  fatisfadory.  For  the 
cinalyfis  we  are  to  defcribe,  depends  not  on  any  difputed  prin¬ 
ciples,  but  on  thofe  of  pradical  geometry  applied  to  the  heavens. 

*  Perhaps  the  concave  furface  of  the  heavens  appears  to  us  as  a  portion  lefs  than 
a  hemifphere,  becaufe  we  have  been  always  accuftomed  to  fee  greater  diftances  along 
the  horizon  than  in  the  vertical  line  towards  the  zenith.  But  whatever  the  reafon  of 
this  appearance  (fuppofing  it  true)  may  be,  it  would  feem  that  an  habitual  way  .of 
thinking  to  the  contrary  ought  to  have  fome  effedl ;  and  fome  obferve  that  the  moon 
never  appears  to  them  fo  large  at  the  horizon,  as  it  did  formerly  when  they  were 
young  and  unacquainted  with  her  motions. 

4.  Experience 
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4.  Experience  has  taught  us  feveral  ways  of  forming  a  judg¬ 
ment  concerning  the  diftances  of  objects,  when  they  are  not 
very  remote  from  us  ;  as  by  the  different  difpofition  of  our 
eyes  when  we  look  at  a  near  object  with  both  ;  it  being  mam- 
feft  that  when  the  objetft  is  near,  the  eyes  muft  be  turned  more 
towards  each  other,  in  order  that  they  may  be  directed  towards 
the  fame  point  of  it,  than  when  it  is  at  a  greater  diftance.  We 
foon  learn  from  experience,  like  wife,  that  when  the  objecl  is 
very  near,  the  image  is  obfcure  and  confufed,  and  we  are 
obliged  to  ftrain  the  eye  to  render  it  tolerably  diftincft.  The 
image  is  alfo  found  to  be  more  luminous  and  bright  when  the 
objedt  is  near  than  when  it  is  remote.  But  the  mo  ft  ufual  way  of 
eftimating  the  diftance  is  from  the  intervening  objects  •  or,  when 
the  objedt  itfelf  is  of  a  kind  with  which  we  are  well  acquainted, 
by  the  bulk  its  image  bears  in  the  pidture  upon  the  retina .  By 
thefe,  and  perhaps  other  methods,  we  are  enabled  to  form 
fome  judgment  of  the  diftance  of  near  objedts  *.  But  when 
they  are  very  remote,  and  no  objedts  intervene,  as  is  the  cafe 
of  the  celeftial  bodies,  thefe  methods  fail  us,  the  fenfe  is  at  a 

*  A  learned  author,  of  a  diftinguifhed  character,  begins  an  ingenious’treatife  upon. 
te  this  fubjedt,  by  obferving,  “  it  is,  I  think,  agreed  by  all,  that  diftance,  of  it- 
“  felf  and  immediately,  cannot  be  feen.  For  diftance  being  a  line  directed  end- 
“  wife  to  the  eye,  it  projects  only  one  point  in  the  fund  of  the  eye,  which  point  re- 
“  mains  invariably  the  fame,  whether  the  diftance  be  longer  or  fhorter.”  The 
diftance  here  fpoken  of,  is  diftance  from  the  eye  ;  and  what  is  faid  of  it  is  not  to 
be  applied  to  diftance  in  general.  The  apparent  diftance  of  two  ftars  is  capable  of 
the  fame  varieties  as  any  other  quantity  or  magnitude.  Vifible  magnitudes  confift  of 
parts  into  which  they  may  be  refolved  as  well  as  tangible  magnitudes,  and  the  pro¬ 
portions  of  the  former  may  be  afligned  as  well  as  of  the  latter  •,  fo  that  this  author 
goes  too  far,  when  he  tells  us  that  vifible  magnitudes  are  to  be  no  more  accounted 
the  objedt  of  geometry  than  words  ^  and  when  he  concludes  of  diftance  in  general, 
what  had  only  been  fhewn  of  diftance  diredted  “  end-wife  to  the  eye  and  pretends 
“  to  demonftrate  that  the  ideas  of  fpace,  outnefs,  and  things  placed  at  a  diftance, 
c‘  are  not,  ftridtly  fpeaking,  the  objedt  of  fight  *,  and  are  not  otherwife  perceived  by 
u  the  eye  than  by  the  ear.” 
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lofs  in  comparing  their  diftances  together,  and  is  unable  to  de¬ 
termine  which  are  greater  or  lefs,  without  the  aid  of  geometry, 
or  fome  equivalent  art.  In  fuch  cafes,  therefore,  the  objeds 
are  all  referred  by  the  fenfe  to  one  concave  furface.  Thus  the 
clouds,  meteors,  planets,  and  Ears  of  all  kinds,  appear  to  the 
fenfe  in  one  concave  furface  of  heaven,  tho’  there  be  the  greateft 
variety  in  their  real  diftances.  It  is  in  thefe  cafes  that  pradical 
geometry  brings  us  its  neceffary  and  fure  aid.  By  it  we  foon 
End  that  the  clouds  are  not  only  nearer  us  than  the  celeftial 
bodies,  which  they  often  cover  from  us,  but  that  their  diftance 
is  only  of  a  few  miles  ;  a  fmall  change  of  the  place  producing  a 
great  change  in  their  pofition  with  refped  to  us,  while  thofe 
that  are  feen  by  us  at  one  place  are  different  in  pofition  from 
thofe  that  are  feen  at  the  fame  time  in  places  remote  from  it. 
We  foon  perceive  that  the  moon  is  at  a  vaftly  greater  diftance  ; 
becaufe  fhe  is  feen  over  one  half  of  the  earth  at  once,  and 
nearly  in  the  fame  diredion,  or  in  the  fame  fituation  among, 
the  fixed  ftars.  We  eafily  learn  that  the  moon  is  at  a  lefs  dif¬ 
tance  from  us  than  the  fun,  becaufe  by  coming  between  us  and 
the  fun  fhe  produces  the  folar  eclipfes  •  and  that  V mus  and 
Mercury  are  nearer  to  us  in  their  inferior  conjundions  than  the 
fun,  becaufe  they  are  then  feen  as  dark  fpots  upon  his  difk.  If 
our  inftruments  were  abfolutely  perfed,  and  our  obfervations 
could  be  made  with  the  utmoft  accuracy,  then  each  celeftial 
body  might  have  its  diftance,  precifely  afeertained,  and  the  whole 
difpofttion  of  the  fyftem  might  be  exadly  known.  But  this 
fubjed  being  of  the  utmoft  importance  in  our  prefent  analyfis^ 
it  defer ves  fome  farther  illuftration. 

5.  Let  a  and  p  [Plate-Ill.  Fig .  5o.)reprefent  two  fpedators,  or 
two  different  ftationsof  the  fame  fpedator,  d  the  objed  or  phae- 
nomenon  whofe  diftance  is  required.  This  objed  appears  to 
the  fpedator  at  a  in  the  right  line  a  d  f,  and  to  the  fpedator 
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at  c  in  the  right  line  cde;  the  angle  contained  by  which,  a  d  c, 
fhews  how  much  the  pofition  of  the  objed  d  varies  with  re- 
fped  to  the  two  fpedators.  When  this  angle  is  great,  the  dis¬ 
tance  ad  bears  not  a  great  proportion  to  ac  ;  but  when  this 
angle  is  very  fmall,  as  when  the  objed  is  removed  from  d  to  h, 
then  its  diflance  from  a  mufi  be  much  greater  than  ac  the  dif- 
tance  of  the  two  fpedators  or  Rations ;  becaufe  a  c  is  always  to 
ad,  as  the  line  of  the  angle  adc  to  the  fine  of  acd,  by  com¬ 
mon  trigonometry.  Thus  when  a  c  confiRs  of  fome  miles, 
and  d  reprefents  a  cloud,  the  angle  adc  is  found  to  be  confide- 
rable  ;  and  thence  we  learn  that  its  diftance  is  not  very  great. 
If  e  d  c  reprefent  the  right  line  in  which  the  fun  fhines,  then  c 
will  reprefent  the  fhadow  of  the  cloud  upon  the  plane  ac  ;  and 
the  proportion  of  ad  to  ac  may  be  determined  by  obfervations 
taken  from  one  Ration  a.  But  tho’  the  right  line  ac  confiR  of 
hundreds  of  miles,  if  h  reprefent  the  moon,  it  is  found  that  the 
angle  a  h  c  is  exceeding  fmall  ;  and  thence  we  conclude,  that 
the  diRance  of  the  moon  is  not  to  be  exprefled  but  by  a  great 
number  of  miles. 

6.  Let  c  {Fig.  51.)  reprefent  the  centre  of  the  earth,  a  a 
place  upon  its  furface,  c  a  e  the  vertical  line  of  this  place,  d  any 
objed  or  phenomenon  in  the  zenith  ;  a  d  f  a  tangent  to  the 
furface  of  the  earth  at  a,  the  fenfible  horizon  at  that  place. 
Then  the  objed  d  being  fuppofed  to  projed  upon  the  fixed  fiar 
e>  when  in  the  vertical  line,  to  a  fpedator  at  a  as  well  as  at  c, 
it  will  be  otherwife  when  the  objed  d  comes  to  the  horizon  at 
d.  For  tho’  the  centre  c,  the  objed  d  and  the  Rar  e  fab- 
flrading  from  their  proper  motions)  be  Rill  in  a  flrait  line,  yet 
d  and  e  are  no  longer  in  a  right  line  with  a  the  place  of  the 
fpedator  ;  but  while  d  appears  to  be  fet  at  f,  the  Rar  appears 
Rill  elevated  above  the  horizon  by  the  arc  ef,  which  meafures 
the  angle  e  d  f,  or  a  d  c  ;  the  fine  of  which  is  to  the  radius, 
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as  c  a  the  femidiameter  of  the  earth  is  to  cd  the  diftance  of  the 
objed  from  the  centre  of  the  earth.  This  angle  adc  is  what 
is  called  the  horizontal  parallax  of  the  objed  or  phenomenon, 
and  fhews  under  what  angle  the  femidiameter  of  the  earth  c  a 
would  appear  if  viewed  at  the  diftance  of  the  objed  c  d.  And 
to  find  this  horizontal  parallax  of  any  objed,  is  no  more  than 
to  determine  how  great  (or  under  how  many  minutes  and  fe- 
conds )  the  femidiameter  of  the  earth  would  appear  viewed  at 
that  objed.  Suppofe  any  number  of  objeds  in  the  right  line 
a  f,  as  d,  g,  h  ;  and  fpedators  at  each  of  thefe  viewing  the 
femidiameter  of  the  earth  c  a  ;  it  will  appear  to  them  under 
the  refpedive  angles  c  d  a,  cga,  c  h  a,  which  are  the  refpedive 
parallaxes  of  thofe  objeds,  and  which  gradually  decreafe  as 
their  diftances  increafe.  We  difcover  therefore  the  diftances  of 
thofe  objeds  by  determining  what  appearance,  as  to  bulk  or  ap¬ 
parent  magnitude,  the  earth’s  femidiameter  makes  at  thofe  ob- 
ieds :  and  it  is  obvious  that  this  method  is  well  founded,  it 
being  manifeft,  that  the  diftances  at  which  the  earth  appears 
great  to  a  fpedator  muft  be  lefs,  and  that  thofe  diftances  at  which 
the  earth  appears  fmall  to  him  muft  be  greater.  Thus  to  a 
fpedator  carried  to  a  few  hundred  miles  diftance  only,  the 
earth  would  appear  very  large  ;  to  a  fpedator  at  the  moon,  the 
femidiameter  of  it  would  appear  under  an  angle  lefs  than  a  de¬ 
gree  ;  to  a  fpedator  at  Venus ,  of  much  about  the  fame  bignefs 
as  Venus  appears  to  us ;  and  to  a  fpedator  as  remote  as  Jupiter 
or  Saturn  it  would  hardly  be  vifible  at  all,  unlefs  his  fenfe  was 
more  acute  than  ours,  or  affifted  by  art.  And  as,  when  the 
proportion  of  the  diftance  of  the  fpedator  from  the  centre  of 
the  earth  to  its  femidiameter  is  known,  it  is  eafily  afcertained 
how  great  an  appearance  the  earth  will  make  to  that  fpedator  ; 
fo  converfely,  when  this  appearance  is  determined,  it  is  eafy  to 
aflign  the  fpedator’ s  diftance  from  it. 
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7.  In  this  manner,  menfuration  is  carried  from  the  earth  to 
the  heavens  ;  and  the  diftances  of  the  celeftial  bodies  com¬ 
pared  with  femidiameters  of  the  earth,  and  with  one  another. 
For  the  further  illuftration  of  what  is  of  fuch  importance  in 
aftronomy,  a  fcience  that  affords  us  fo  noble  and  extenfive 
views  of  nature,  let  us  imagine  a  fpedfator  at  a  viewing  the  im- 
menfe  expanfe  around  him,  while  a  right  line  d  l,  perpendicu¬ 
lar  to  a  d  and  equal  to  the  fern idiame ter  of  the  earth,  moves  off 
on  the  right  line  a  f  from  the  leaft  to  the  greateft  diftances ; 
then  the  parallax  belonging  to  any  diftance  is  nothing  elfe  than 
the  angle  which  the  femidiameter  of  the  earth  at  that  diftance 
fubtends  to  the  fpecftator  at  a.  Thus  the  parallaxes  belonging 
to  the  feveral  diftances  ad,  ag,  ah,  are  the  refpecftive 
angles  dal,  gam,  han,  & c\  which  meafure  the  apparent 
magnitude  of  the  femidiameter  of  the  earth  viewed,  at  thofe 
diftances,  by  a  fpedfator  at  a.  While  we  fuppofe  this  femi¬ 
diameter  to  be  carried  oft  in  infinitum }  thefe  apparent  magni¬ 
tudes  gradually  decreafe,  nearly  in  the  fame  proportion  as  the 
diftance  increafes.  The  parallaxes  decreafe  in  the  fame  manner; 
and  a  fcale  of  the  one  affords  us  a  fcale  of  the  other.  It  is  ob¬ 
vious,  that,  from  the  moment  any  objecft  departs  from  the  ver¬ 
tical  line,  it  appears  to  a  fpesftator  at  a  depreffed  towards  the 
horizon,  and  is  the  mere  depreffed  in  proportion  as  it  is  nearer 
to  him.  The  true  place  of  the  object  d  is  at  e,  where  it  would 
be  feen  from  the  centre  c  ;  but  its  apparent  place  to  a  fpec- 
tator  at  a  is  at  f,  and  its  depreftlon  or  parallax  is  meafured  by 
the  arc  e  f,  or  by  the  angle  edf  equal  to  adc.  Nowin  order 
to  find  this  depreflion,  it  is  fuffreient  to  make  ufe  of  the  fixed 
ftar  e,  which  has  no  fenfible  parallax,  and  was  fuppofed  to  be 
in  coiffundion  with  the  objedt  in  the  vertical  line  k  de  ;  for  the 
depreffion  of  the  object  d  below  the  ftar  e,  viewed  from  a, 
gives  the  parallax,.  By  proceffes  ol  this  kind,  it  is  found,  from 
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aftronomical  obfervations,  that  the  mean  diftance  of  the  moon 
from  the  centre  of  the  earth,  is  about  6o~  femidiameters  of  the 
earth. 

8.  The  figure  of  a  body  is  more  eafily  known  when  we  are 
able  to  view  it  from  great  diftances  than  from  very  fmall  ones  ; 
becaufe  when  it  is  at  a  great  diftance,  the  eye  takes  in  a  confi- 
derable  portion  of  it  in  one  view,  from  which  the  figure  of  the 
whole  is  more  eafily  colledted  :  whereas  when  it  is  viewed  at  a 
final]  diftance,  fmall  irregularities  on  its  furface  have  too  great 
an  effect  upon  the  fenfe,  and  are  apt  to  miflead  us  in  our 
judgment  concerning  the  whole.  It  is  very  eafy  to  fee,  for  ex¬ 
ample,  that  the  fun  and  moon  are  globular,  becaufe  in  all  po- 
fitions  they  constantly  appear  to  us  as  bounded  by  a  circle,  a 
property  which  belongs  to  the  fphere  or  globe  alone.  But  the 
figure  of  the  earth  is  not  fo  eafily  difcovered  by  us,  becaufe  the 
largeft  views  we  are  able  to  take  of  it,  from  the  tops  of  the 
higheft  mountains,  bear  a  fmall  proportion  to  the  whole  fur- 
face  ;  and  the  curvature  or  fphericity  is  hardly  fenfible  in  thofe 
profpe&s  of  it.  However,  we  have  undoubted  proofs  that  the 
earth  is  globular,  tho’  not  exadly  fpherical.  We  are  affured 
that  the  meridian  fecftions  of  the  earth,  or  fe (ft ions  thro  its 
poles,  are  circular,  becaufe  as  we  go  fouthwards  the  northern 
ftars  are  depreffed,  and  the  fouthern  ftars  elevated,  nearly  in  a 
regular  courfe  ;  fo  that  a  degree  of  depreflion  of  the  former, 
or  elevation  of  the  latter,  always  correfponds  to  60  Italian  or 
geographical  miles  on  the  meridian  ;  whence  we  conclude, 
that  a  meridian  fecftion  of  the  earth  is  a  circle,  a  degree  of 
which  is  60  fuch  miles,  and  the  whole  circumference  is  6ox  360, 
or  21600,  of  the  fame  miles.  At  the  equator,  both  the  poles 
are  in  the  horizon  *  as  we  remove  northwards,  the  northern 
pole  rifes  till  we  come  to  the  pole  of  the  earth,  where  the  ce- 
Jeftial  pole  is  in  the  zenith  ;  and,  in  general,  the  elevation  of 
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the  pole  increafes  gradually  and  regularly  with  the  diftance 
from  the  equator.  The  equator  and  its  parallels  appear  to  be  cir¬ 
cular  from  the  regular  daily  progrefs  of  light,  from  eaft  to  weft, 
along  their  furface.  The  fun  arrives  at  the  meridian  of  places 
that  are  more  eafterly,  fooner  than  to  the  meridian  of  thofe 
that  are  towards  the  weft,  in  proportion  to  the  diftance  of  the 
meridians  meafured  upon  the  equator.  The  fpherical  figure  of  the 
earth  appears  like  wife  from  levelling ,  where  it  is  found  neceftary 
to  make  an  allowance  far  the  difference  between  the  apparent 
and  the  true  level  ;  the  former  being  a  plane  that  touches  the 
earth’s  furface,  the  latter  the  globular  furface  itfelf,  which  falls 
below  the  tangent  plane. 

9.  But  we  have  the  plaineft  and  moft  fimple  proof  of  the 
globular  figure  of  the  earth,  from  that  of  its  fhadow  projected 
on  the  moon  in  a  lunar  eclipfe.  For  this  fhadow  being  always 
bounded  by  an  arc  of  a  circle,  it  follows  that  the  earth  which 
projects  it  is  of  a  fpherical  figure.  If  there  was  any  remarkable 
angle,  or  very  confiderable  irregular  protuberance,  on  the  earth, 
it  would,  on  fome  occafion  or  other,  appear  by  the  fhadow. 
The  mountains,  indeed,  are  irregularities  on  the  furface  of  the 
earth  ;  but  they  bear  fo  fmall  a  proportion  to  its  vaft  bulk,  that 
they  make  no  appearance  upon  its  fhadow.  There  is  like  wile 
a  gradual  rifing  from  the  fea  fhore  towards  the  inland  parts  of 
the  great  continents  ;  as  in  Europe  from  the  fhores  of  the  ocean, 
the  Mediterranean,  and  Euxine  fea,  towards  Switzerland  ;  but 
this  gradual  rifing  is  fmall,  and  has  little  effedt  on  the  figure  of 
the  earth.  If  it  was  confiderable,.  it  would  carry  the  inland 
parts  too  high  in  the  atmofphere  ;  but  it  is  fufficient  for  giving 
a  courfe  to  the  rivers,  and  preferving  the  beautiful  circulation 
of  water,  fo  neceftary  to  the  good  condition  of  this  globe  ;  and 
the  extent  of  the  continents  has  been  probably  contrived  with  a 
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view  to  this  great  purpofe.  Upon  the  whole,  the  earth  is  evi¬ 
dently  globular  tho’  not  an  exad  fphere,  and  if  feen  at  a  dif- 
tance  would  appear  to  us  as  the  fun  or  moon  ;  that  is,  always 
terminated  by  a  circular  figure,  unlefs  this  diftance  was  fo  great 
as  to  make  it  appear  like  V enus  or  Mars  ;  when,  in  confe- 
quence  of  the  contraction  of  the  apparent  diameter,  the  whole 
furface  would  appear  to  be  crouded  in  one  point,  and  the  Alpsy 
Pyrenees ,  and  even  the  diftant  Cordelleras ,  would  reflect  un- 
diftinguifhed  rays.  At  fuch  diftances  its  figure  could  not  be 
difcerned  by  fenfe,  unlefs  it  was  aflifted  by  a  telefcope  or  fome 
equivalent  inftrument. 


io.  The  ocean,  which  covers  a  great  part  of  the  furface  of 
the  earth,  is  more  accurately  globular  than  the  folid  parts ;  and 
it  is  manifeft  that  this  arifes  from  the  gravitation  of  its  parts  to¬ 
wards  the  earth,  acting  in  right  lines  perpendicular  to  its  fur¬ 
face.  For  if  its  diredion  formed  an  acute  angle  with  the  fur¬ 
face,  the  fluid  water  would  neceflarily  move  towards  that  fide, 
and  could  not  be  in  czqnilibrio  till  the  diredion  of  gravity  be¬ 
came  perpendicular  to  the  furface  every  where,  fo  as  to  give  no 
inclination  to  the  fluid  to  move  towards  either  fide.  The  per¬ 
pendiculars  to  a  fpherical  furface  meet  all  in  the  centre  of  the 
fphere.  Therefore,  fince  the  earth  is  nearly  a  fphere,  the  di¬ 
redion  of  the  gravity  is  nearly  towards  its  centre  ;  not  as  if 
there  was  really  any  virtue  or  charm  in  the  point  called  the 
centre,  by  which  it  attraded  bodies,  but  becaufe  this  is  the  re- 
fult  of  the  gravitation  of  bodies  towards  all  the  parts  of  which 
the  earth  conlifts ;  as  will  appear  more  fully  afterwards.  The 
diredion  of  gravity  is  not  any  one  fixed  or  determined  one,  as 
the  vulgar  are  apt  to  imagine  \  nor  is  there  any  occafion  ror 
pillars  or  inftruments  of  any  kind  to  fupport  the  eartn  ;  tnat  di¬ 
redion  being  always  downwards  which  is  towards  the  centre, 
or  (to  foeak  more  accurately)  which  is  perpendicular  to  the 
1  i  fluid 
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fluid  furface  or  level,  on  the  concave  fide ;  and  that  dire&ion 
being  upwards  which  lies  in  a  perpendicular  to  the  furface  on 
the  convex  fide.  Was  the  earth  all  fluid,  all  the  furface 
would  be  on  one  level,  and  no  one  part  v/ould  have  a  pre¬ 
eminence  above  the  reft  in  this  relpecft  ;  and  bodies  would  be 
fuftained  by  the  earth  equally  round  all  its  furface  with  equal 
firmnefs  and  fecurity.  Thus  there  is  no  difficulty  in  conceiving 
that  there  are  Antipodes  ;  and  it  appears  equally  abfurd  that 
bodies  fhould  fall  off  from  any  other  part  of  the  earth,  as  that 
they  fliould  rife  here  into  the  air. 

11.  This  principle  of  gravity  extends  to  all  bodies  around 
the  earth.  For  the  gravity  of  the  air  being  eftablilhed  beyond 
all  difpute,  by  the  celebrated  experiments  of  Galileo  and  Tor¬ 
ricelli ,  and  many  others  of  the  fame  kind,  it  eafily  appears 
that  all  terreftrial  bodies  whatfoever  are  heavy,  or  gravitate  to¬ 
wards  the  earth  ;  and  that  the  apparent  levity  of  fome  of  them 
proceeds  only  from  the  greater  gravity  of  the  ambient  air, 
which  makes  them  rife  upwards,  for  the  fame  reafon  that  cork 
rifes  in  water,  and  lead  in  quick-filver  ;  or  from  their  being 
carried  off  by  fome  medium  entangled  in  its  parts.  The  gra¬ 
vity  of  terreftrial  bodies  muft  the  rather  be  allowed  to  be  uni- 
verfal,  becaufe,  by  the  moft  accurate  experiments,  it  is  always 
found  to  obferve  the  fame  proportion  as  their  quantities  of  mat¬ 
ter  ;  and  not  to  depend  on  the  figure  or  bulk  of  bodies,  or  the. 
contexture  of  their  parts,  but  always  to  meafure  their  quantity 
of  matter,  and  to  be  meafured  by  it  only,  abftra<fting  from 
the  influence  of  the  medium  in  which  they  fwirn.  For  gra¬ 
vity  always  generates  the  fame  velocity,  in  bodies  of  all  forts, 
in  the  fame  time  ;  and  therefore  muft  a£t  equally  on  equal 
portions  of  matter,  and  on  a  greater  portion  with  a  force  pro¬ 
portionally  greater.  The  direction  of  this  power  is  nearly  to¬ 
wards  the  centre  of  the  earth ;  for,  at  prefent,  we  abftracft  from 
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the  variation  of  its  figure  from  that  of  a  perfed  fphere,  arifing 
from  its  motion  on  its  axis.  The  force  of  this  power  is  fuch, 
that  it  carries  all  bodies  downwards  about  i  5t;  fcct>  of  Paris 
meafure,  in  a  fecond  of  time.  This  is  the  refiilt  of  accurate 
experiments  j  every  body  would  fall  juft  lo  much  if  it  delcended 
freely  in  the  plumb-line,  or  perpendicular  to  the  horizon,  and  met 
with  no  refiftance  from  the  air  or  ambient  medium.  When  a 
body  is  projeded  in  a  right  line  that  is  not  perpendicular  to  the 
horizon,  it  moves  in  a  curve,  but  fo  as  to  fall  always  below  the 
point  in  the  line  of  projedion  which  is  diredly  over  it,  as  much 
as  it  would  have  fallen  by  defcending  freely  in  the  perpendicular 
in  the  fame  time  ;  provided  we  fuppofe  gravity  to  ad  in  parallel 
lines,  as  was  ufual  before  Sir  Jfaac  Newton  found  it  neceffary  to 
confider  this  fubjed  more  accurately,  and  which  may  be  ad¬ 
mitted,  without  any  fenfible  error,  in  fuch  motions  as  our 
engines  are  able  to  produce. 

1 2.  The  globular  figure  of  the  earth,  with  the  diredion  and 
force  of  gravity,  being  difcovered  by  this  analyfis ,  a  great  va¬ 
riety  of  phenomena  may  be  thence  deduced  by  the  Synthetic 
method.  The  whole  dodrine  of  the  fphere  may  be  explained 
from  the  figure  of  the  earth,  either  in  the  Pythagorean  or  Pto¬ 
lemaic  fyftem.  As  the  fun  appears  to  go  round  the  whole  cir¬ 
cle  of  360  degrees  in  24  hours,  lo  in  one  hour  he  appears  to 
defcribe  1 5  degrees,  and  one  degree  in  4  minutes  of  time,  on 
the  equator  or  its  parallels.  Hence  the  diftance  of  meridians 
at  two  places,  meafured  upon  the  equator,  or  their  difference 
of  longitude,  being  known,  it  is  eafy  to  compute  how  much 
the  hours  at  one  place  precede  the  fame  hours  at  the  other,  by 
allowing  4  minutes  of  time  for  each  degiee  of  that  diftance  j 
and  converfely,  the  difference  of  time  being  given,  the  differ¬ 
ence  of  longitude  is  computed  by  allowing  one  degree  for  each 
4  minutes  of  time,  and  proportionally  in  greater  or  leffer  dif- 
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ferences.  And  it  is  obvious  that  the  hours  of  the  day,  which 
are  fucceflive  in  any  one  place,  are  co-exiftent  when  you  take 
in  the  whole  globe ;  fo  that  no  hour  of  the  day  can  be  afligned, 
but  a  meridian  can  be  likewife  affigned  where  it  is  that  hour  at 
this  prefent  time.  Th z  fenjible  horizon  of  any  place  is  a  plane 
perpendicular  to  the  plumb-line  at  that  place,  and  tangent  to 
the  earth’s  furface  there.  The  rational  horizon  is  a  plane  thro" 
the  earth’s  centre  parallel  to  this,  whofe  poles  are  the  zenith 
and  nadir ,  in  the  fame  manner  as  the  north  and  fouth  poles  of 
the  world  are  the  poles  of  the  equator.  The  particular  phe¬ 
nomena  of  places  depend  upon  the  poiition  of  their  horizon 
with  refpedt  to  the  circles  of  the  apparent  diurnal  motion  of  the 
fun  and  ftars.  The  horizon  of  a  place  at  the  equator  palfes 
thro’  the  poles,  and  divides  equally  the  equator  and  its  parallels. 
Hence  the  days  and  nights  are  always  equal  in  fuch  places,  and 
each  of  the  ftars  performs  one  half  of  its  revolution  above  their 
horizon,  and  the  other  half  under  it.  The  circles  of  diurnal 
motion  are  all  perpendicular  to  their  horizon,  and  therefore 
they  are  faid  to  be  in  a  right  fphere.  When  the  fun  moves  in 
the  equator,  he  rifes  diredtly  from  their  horizon  to  their  ze¬ 
nith,  and  then  defcends  direcftly  to  their  horizon  again  ;  in 
other  cafes,  after  riling  perpendicularly,  he  Hopes  away  in  his 
parallel  towards  the  north  or  fouth  lide  of  their  zenith,  accord¬ 
ing  to  the  feafon  of  the  year  ;  which  muft  be  a  conliderable 
relief  to  them,  as  the  heat  muft  thefeby  be  abated.  At  the 
poles,  their  horizon  coincides  with  the  equator  ;  fo  that  the 
northern  celeftial  hemifphere  muft  be  always  in  view  of  the 
northern  pole,  being  above  their  horizon,  while  no  part  of  the 
fouthern  hemifphere  is  viftble  to  them,  being  always  beneath  it. 
The  circles  of  the  diurnal  motion  being  parallel  to  the  equator, 
and  confequently  to  their  horizon,  the  fun  and  ftars  appear  to 
them  to  move  in  parallels  to  their  horizon  ;  the  fixed  ftars  ne¬ 
ver  rife  nor  fet,  and  the  fun  rifes  at  the  vernal  equinox  and  lets 
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at  the  autumnal ;  fo  that  they  have  day  for  one  half  year  and 
night  for.  the  other.  They  are  faid  to  be  under  a  parallel 
fphere.  In  intermediate  places,  the  circles  of  the  diurnal  mo¬ 
tion  are  oblique  to  their  horizon  ;  one  pole  is  always  elevated 
above  it  by  an  arc  equal  to  the  latitude  of  the  place,  and  the 
other  pole  is  depreffed  under  it  by  an  equal  arc.  All  the  ftars 
whofe  diftance  from  the  elevated  pole  exceeds  not  the  latitude 
of  the  place  are  conftantly  above  their  horizon  ;  and  thofe 
within  the  fame  diftance  of  the  other  pole  are  depreffed  under 
it,  and  are  never  viftble  to  them.  The  equator  and  horizon 
being  great  circles  divide  each  other  equally,  whence  the  days 
and  nights  are  equal  every  where  when  the  fun  defcribes  the  ce- 
leftial  equator.  But  when  the  fun  is  on  the  fame  fide  with  the 
elevated  pole,  a  greater  portion  of  his  parallel  is  above  the 
horizon  than  under  it,  and  therefore  the  days  are  longer  than 
the  nights  :  and  when  the  fun  is  on  the  other  fide  of  the 
equator,  a  greater  portion  of  his  diurnal  parallel  is  below  the 
horizon  than  above  it  ;  and  confequently  the  nights  are  longer 
than  the  days.  Thefe  are  faid  to  be  under  an  oblique  fphere. 
In  all  thofe  different  places,  the  time  in  which  they  have  day 
(that  is,  when  the  centre  of  the  fun  is  above  the  horizon)  is 
equal  to  the  time  in  which  they  have  night,  or  when  the  centre 
of  the  fun  is  beneath  their  horizon,  taking  the  whole  year  to¬ 
gether  ;  abftra&ing  from  the  effects  of  refra&ion  and  the  el¬ 
liptic  figure  of  the  earth  s  orbit,  which  are  not  confide,  ed  in 
the  dodlrine  of  the  fphere.  But  thefe  equal  times  are  diftributed 
with  a  good  deal  of  variety.  At  the  equator  they  have  12 
hours  day  and  1 2  hours  night,  perpetually  fucceeding  each 
other.  At  the  poles  they  have  their  day  all  at  once  and  their 
night  at  once,  each  of  half  a  year.  In  intermediate  places, 
the  length  of  their  days  at  one  feafon  is  compenfated  by  the 
length  of  the  nights  at  another.  Within  the  polar  circles,  they 
have  the  fun  continually  for  fome  days,  or  weeks,  circulating 
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above  their  horizon ;  but,  in  the  oppofite  fcafon  of  the  year, 
he  continues  as  long  beneath  their  horizon  ;  and  thus  the 
equality  of  the  times  of  day  and  night  is  preferved,  when  we 
abftrad  from  the  fun’s  having  a  fenfible  diameter,  from  the 
effefis  of  refraction  and  twilight,  and  the  elliptic  figure  of  the 
earth’s  orbit ;  but,  in  confequence  of  thefe,  the  time  in  which 
they  have  day  confiderably  exceeds  what  is  commonly  called 
night,  particularly  in  the  northern  hemifphere.  The  ampli¬ 
tude  of  the  fun,  or  his  range  upon  the  horizon,  has  likewife 
great  varieties,  which  are  eafily  deduced  from  the  fame  prin¬ 
ciples.  It  is  leaf!  at  the  equator,  amounting  there  to  230  29'  on 
each  fide,  towards  the  north  and  fouth  of  the  eaft  and  weft 
points.  In  the  latitude  of  56°  it  amounts  to  above  450,  on  each 
fide  of  the  fame  points ;  and  the  arc  between  the  moft  northern 
and  fouthern  points  where  he  rifes,  and  fets,  is  above  a  qua¬ 
drant.  At  the  polar  circles,  his  range  on  the  horizon  is  the 
whole  femicircle  from  north  to  fouth.  A  circle  perpendicular 
to  the  meridian  and  horizon  is  called  the  prime  vertical ,  and, 
being  a  great  circle,  it  cuts  the  equator  equally,  and  all  places 
that  are  under  it  bear  due  eaft  or  weft  from  us  ;  whence  many 
of  the  geographical  paradoxes  are  explained.  The  art:  ol 
dialling  is  deduced  from  the  fame  principles.  The  moft  fimple 
kind  of  dial  is  an  equinoftial  one,  where  the  fhadow  is  received 
upon  a  plane  parallel  to  the  circles  of  the  fun’s  diurnal  motion, 
and  is  projected  by  a  Jlylus,  or  right  line,  perpendicular  to  thofe 
planes.  Becaufe  the  fun  moves  over  equal  arcs  on  its  parallel 
in  equal  times,  the  motion  of  the  fhadow  in  this  dial  muft 
likewife  be  uniform,  fo  that  the  intervals  between  the  hours 
muft  be  equal  ;  which  is  therefore  made  by  dividing  a  circle 
into  24.  equal  parts.  The  conftru&ion  of  other  dials  is  eafily 
deduced  from  this :  but  our  defign  obliges  us  to  mention  thefe 
things  very  briefly.  We  have  a  remarkable  inftance  of  the 
beauty  of  truth  when  we  obferve  what  a  variety  of  phenomena 
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arifc  from  fo  few  fimple  principles  as  the  fpherical  figure  of  the 
earth,  its  diurnal  motion,  and  the  obliquity  of  its  axis,  as  we 
take  a  furvey  of  the  earth  from  the  torrid  to  the  frigid  zone, 
or  from  the  equator  to  the  poles,  and  attend  to  the  phenomena 
of  heat  and  cold,  as  well  as  of  thofe  of  day  and  night,  and  of 
the  apparent  motions  of  the  ftars.  A  diverfity  of  phenomena 
fo  very  great,  arifing  from  two  principles  of  fo  fimple  a  nature, 
affords  a  curious  fpeculation  to  the  underftanding,  as  well  as  a 
pleafing  entertainment  to  the  imagination,  and  ferves  to  fuggeft 
the  admirable  fertility  of  which  nature  is  capable  in  its  pro¬ 
ductions  ;  infomuch  that  upon  one  globe  we  have  fome  image 
or  reprefentation,  in  the  climates  from  the  equator  to  the  poles, 
of  that  great  variety  that  we  may  fuppofe  to  take  place  in  the 
folar  fyftem,  from  Mercury ,  the  neareft  and  hotteft,  to  Saturn 
the  remoteft  and  coldeft  of  all  the  planets. 

1 3 .  Tho’  the  doCtrine  of  the  fphere  may  be  explained  from 
the  Ptolemaic ,  as  well  as  from  the  Pythagorean  or  Copernican 
fyftem,  by  fuppofing  the  primum  mobile  to  penetrate  the  whole 
univerfe  (the  earth  and  its  appendicles  only  excepted)  and  to 
carry  every  thing  round  the  earth’s  axis  every  day  ;  yet  this  hy- 
pothefis,  to  every  thinking  perfon  who  has  not  devoted  his 
judgment  entirely  to  the  prejudices  of  fenfe  or  dictates  of  fu- 
perftition,  appears  fo  very  abfurd,  that  it  is  now  almoft  uni- 
verfally  exploded.  The  motions  of  the  comets ,  performed  with 
fo  much  freedom  in  the  celeftial  fpaces,  fhew  us  that  the  folid 
orbs  are  imaginary,  and  that  there  can  be  no  fuch  univerfal 
mover  that  carries  all  the  univerfe  along  with  it  :  nor  is  there 
any  axis  upon  which  this  immenfe  machine  can  be  fuppofed  to 
turn.  The  prodigious  velocity,  which,  according  to  this  doc¬ 
trine,  muft  be  afcribed  to  the  remote  fixed  ftars,  cannot  but 
fhock  thofe  that  have  any  juft  notion  of  the  vaft  extent  of  the 
univerfe.  The  afcribing  fo  extraordinary  a  pre-eminence  to 
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the  earth,  to  which  it  appears  to  have  no  title,  argues  a  par¬ 
tiality  unworthy  of  philofophers  ;  elpecially  fince  we  fee  that 
moft  of  the  other  bodies  of  the  fyftem,  even  the  fun  himfelf, 
turn  round  upon  their  axes,  which  would  induce  us,  if  we 
were  upon  the  furface  of  any  of  them,  to  afcribe  the  fame  pre¬ 
eminence  to  that  one,  and  to  place  it  in  the  centre  of  the 
whole.  But  befides  thefe  and  other  confiderations,  the  retar¬ 
dation  of  pendulums  carried  to  the  equator,  with  the  increafe 
of  the  degrees  of  the  meridian  from  thence  to  the  poles,  are 
obfervations  that  demonftrate  a  centrifugal  force,  greateft 
at  the  equator,  and  gradually  diminifhing  towards  either  pole, 
where  it  vanilhes.  Now  this  centrifugal  force  is  an  evident 
proof  of  the  diurnal  rotation  of  the  earth  upon  its  axis ;  there¬ 
fore,  in  treating  of  the  celeftial  motions,  we  fhall  entirely  ab- 
ftra<ft  from  the  apparent  diurnal  motions  of  the  planets,  as  per¬ 
taining  to  the  earth  only  :  and  thus  our  analyjis  of  the  caufes 
that  produce  the  celeftial  motions  is  founded  on  the  real  ftate 
of  things,  and  not  on  fallacious  appearances. 

14.  The  do&rine  of  the  fphere  is  eafily  deduced  from  thefe 
true  motions.  One  half  of  the  earth  is  illuminated  by  the  fun 
at  all  times,  and  the  other  half  always  deprived  of  his  light. 
The  boundary  of  light  and  darknefs  is  a  great  circle  of  the 
earth.  It  is  day  at  any  place  while  it  revolves  in  the  illumi¬ 
nated  part,  but  night  while  it  moves  in  the  part  that  is  hid 
from  the  fun’s  rays.  The  diurnal  motion  is  from  weft  to  eaft,, 
and  the  fun  rifes  to  any  place  when  it  arrives  at  the  boundary 
of  light  and  darknefs  on  the  weft  fi.de,  and  fets  when  it  arrives 
at  the  fame  boundary  on  the  eaft.  The  point  where  a  right 
line  joining  the  centres  of  the  fun  and  earth  cuts  the  furface  of 
the  earth,  is  that  which  has  the  fun  in  the  vertex  or  zenith, 
and  is  the  pole  or  middle  point  of  the  illuminated  difk.  The 
circle  defcribed  by  the  earth’s  annual  motion,  or  the  fun’s  ap¬ 
parent 
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parent  motion,  is  the  ecliptic  ;  and,  becaufe  the  axis  of  the 
earth  is  oblique  to  the  plane  of  this  circle,  it  cuts  the  equator 
(in  an  angle  of  230  29'),  and  the  two  points  of  interfedion  are 
called  the  equino&ial  points  ;  in  which  the  fun  appears  when 
the  axis  of  the  earth  is  perpendicular  to  the  right  line  drawn 
from  its  centre  to  the  centre  of  the  fun.  Thofe  are  called  the 
folftitial  points  which  are  at  90°  diftance  from  the  former,  and 
where  the  fun  appears  when  he  declines  moft  towards  the  poles. 
The  equator  being  a  great  circle,  fo  as  to  be  equally  divided 
by  the  boundary  of  light  and  darknefs,  the  day  therefore  at  the 
equator  is  always  equal  to  the  night.  It  is  obvious  that  when 
the  fun  appears  on  the  north  fide  of  the  equator,  the  northern 
pole  muft  be  in  the  illumined  hemifphere  ;  fo  that  it  muft  be 
day  there  from  the  vernal  to  the  autumnal  equinox,  but  that 
they  muft  be  deprived  of  the  fun’s  light  from  the  autumnal  to 
the  vernal  equinox  ;  and  that  it  is  the  contrary  at  the  fouth 
pole.  In  any  place  that  is  on  the  fame  fide  of  the  equator  with 
that  which  has  the  fun  in  the  zenith,  a  greater  part  of  the  pa¬ 
rallel  to  the  equator  defcribed  by  that  place  muft  be  in  the  il- 
lumitated  hemifphere  than  in  the  other  ;  fo  that  the  day  muft 
be  longer  than  the  night  :  but  it  is  the  contrary  when  the  place 
is  on  the  oppofite  fide  of  the  equator,  and  then  the  night  muft 
be  longer  than  the  day.  In  the  fame  manner,  all  the  other 
phenomena  of  the  doctrine  of  the  fphere  may  be  deduced  from 
the  true  motions  in  the  fyftem. 

1 5.  We  have  given  a  fummary  account  of  what  was  known 
concerning  the  gravity  of  terreftnal  bodies,  before  oir  JJ'&cic 
Newton.  °As  the  figure  of  the  earth  is  owing  to  this  prin¬ 
ciple  ;  fo,  as  Copernicus  very  juftly  obferved  *,  it  is  highly 
reafonable  to  fuppofe  that  by  a  like  principle,  diffufed  from  the 

*  See  Book  I.  Chap.  3.  §  2. 
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fun  and  planets,  their  figures  are  preferved  in  their  various  mo¬ 
tions.  Various  attempts  and  fchemes  have  been  propofed,  for 
explaining  the  nature  of  this  power  and  its  caufe  ;  but  all  have 
proved  unfuccefsful.  Des  Cartes  deduced  it  from  the  centri¬ 
fugal  force  of  his  fubtile  matter  revolving  on  the  axis  of  the 
earth  ;  but  this  account  has  been  already  refuted  *.  Others 
confidered  it  as  a  fort  of  magnetifm  ;  but  the  powers  of  gra¬ 
vity  and  magnetifm  differ  widely  in  moil  effential  circum- 
ftances.  Others  derived  it  from  thepreffure  of  the  atmolphere  ; 
altho’  the  air  is  fo  far  from  producing  gravity,  that  it  conftantly 
fubduds  from  the  weight  of  bodies.  But  all  we  want  to  con¬ 
clude  here,  is,  that  this  power  extends  univerfally  to  all  forts  of 
fenfible  bodies,  at  or  near  the  earth’s  furface  ;  and  that  it  has 
thefe  two  remarkable  properties ;  firft,  that  it  is  proportional 
to  the  quantity  of  matter  in  bodies  ;  fecondly,  that  it  ads  in- 
ceffantly  or  continually,  and  with  the  fame  force  upon  a 
body  that  is  already  in  motion  as  upon  a  body  that  is  at 
reft.  This  laft  property  appears  from  hence,  that  it  produces 
equal  accelerations  in  falling  bodies  in  equal  times.  Both 
thefe  properties  diftinguifh  it  from  fuch  caufes  as  are  wholly 
mechanical  ;  which  either  ad  in  proportion  to  the  furface  or 
to  the  bulk  of  bodies,  and  produce  a  lels  acceleration  in  a  body 
that  is  already  in  motion,  in  the  diredion  in  which  the  caufe 
ads,  than  upon  a  body  at  reft,  in  the  fame  time.  We  here 
obferve  thefe  things  concerning  gravity,  not  with  a  view  to  de¬ 
termine  any  thing  concerning  its  caufe,  but  only  to  pave  the 
way  for  what  follows  concerning  the  univerfality  of  this  prin¬ 
ciple. 


*  See  Book  I.  Chap.  4.  §  4. 
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CHAP.  II. 

'The  moon  is  a  heavy  body ,  and  gravitates  towards  the  earth  tr 
the  fame  manner  as  ter  ref  rial  bodies. 

!  niR  Jfaac  Newton  confidering  that  the  power  of  gra- 
‘  S  vity  ads  equally  on  all  matter  on  the  furface  of  the 
earth  or  near  it,  that  it  is  not  fenfibly  lefs  on  the  tops  of  t  e 
higheft  mountains,  that  it  affeds  the  air  and  reaches  upward 
to  the  utmoft  limits  of  the  atmofphere,  and  that  it  cannot  be 
owing  to  the  influence  of  any  fenflble  terreftnal  matter  ,  he 
could  not  believe  that  it  broke  off  abruptly,  but  was  induced, 
on  thefe  grounds,  to  think  it  might  be  a  more  general  prin¬ 
ciple,  and  extend  to  the  heavens  ;  fo  as  to  affed  the  moon  at 
leaft,  which  is  by  much  the  neareft  to  us  of  all  the  bodies  in 
the  fyftem.  The  abfurdity  of  thofe  who  had  taught  that  the 
heavenly  bodies  were  made  of  fome  inexplicable  fubftance,  ef- 
fentially  different  from  that  of  our  earth  had  fufficiently  ap¬ 
peared  from  modern  difcoveries  :  the  philofophers  no  longer 
made  that  diftindion,  which  had  been  founded  on  fuperftition 
and  vulgar  prejudices  only.  The  earth  was  allowed  to  be  of 
the  number  of  the  planets,  and  the  planets  were  confldered  as 
like  our  earth.  To  complete  this  refemblance,  our  author  has 
fhewn  that  they  conflft  of  the  fame  heavy  gravitating  fubftance 
of  which  the  earth  is  formed. 

\ 

2  The  effeds  of  the  power  of  gravity  upon  terreftnal 
bodies  may  be  reduced  to  three  claffes  :  Firfi ,  m  confequence 
of  it,  a  body  at  reft,  fupported  by  the  ground,  or  fufpended 
■by  a  firing  or  line  of  any  kind,  or  that  is  any  way  kept  from 
failing,  endeavours,  however,  always  to  move  ;  and  m  inch 
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cafes,  its  gravity  is  meafured  by  the  preffure  of  the  quiefcent 
body  upon  the  obftacle  that  hinders  its  motion.  Seco?2dly, 
when  a  body  defeends  in  the  vertical  or  plumb-line,  its  mo¬ 
tion  is  continually  accelerated,  in  confequence  of  the  power  of 
gravity’s  ading  inceffantly  upon  it  ;  or  if  it  be  projeded  up¬ 
wards  in  the  fame  right  line,  its  motion  is  continually  retarded, 
in  confequence  of  the  fame  power’s  ading  inceffantly  upon  it 
with  a  contrary  diredion  :  and,  in  fuch  cafes,  the  force  of 
gravity  is  meafured  by  the  acceleration  or  retardation  of  the 
the  motion  produced  in  a  given  time,  by  the  power  continued 
uniformly  for  that  time  :  but  if  the  body  defcend  or  afcend 
along  an  inclined  plane,  or  move  in  a  refifcing  medium,  then,  in 
meafuring  this  power,  due  regard  mull  be  had  to  the  principles 
of  mechanics  defcribed  in  the  preceding  book,  thirdly ,  when 
a  body  is  projeded  in  any  diredion  different  from  the  vertical 
line,  the  diredion  of  its  motion  is  continually  varied,  and  a 
curve  line  is  defcribed,  in  confequence  of  the  inceflant  adion 
of  the  power  of  gravity,  which  in  fuch  cafes  is  meafured  by 
the  flexure  or  curvature  of  the  line  defcribed  by  it ;  for  the 
power  is  always  the  greater,  c ceteris  paribus ,  the  more  it  bends 
the  way  or  courfe  of  the  body  from  the  tangent  or  diredion  in 
which  it  was  projeded.  Effeds  of  the  power  of  gravity,  of 
each  kind,  fall  under  our  conftant  obfervation,  near  the  furface 
of  the  earth  ;  for  the  fame  power  which  renders  bodies  heavy 
while  they  are  at  reft,  accelerates  them  when  they  defcend  per-^ 
pendicularly,  and  bends  their  motion  into  a  curve  line  when 
they  are  projeded  in  any  other  diredion  than  that  of  theif 
gravity.  But  we  have  accefs  to  judge  of  the  powers  that  ad 
on  the  celeftial  bodies  by  the  effeds  of  the  laft  kind  only  :  we 
fee  bodies  near  the  earth  falling  towards  it  ;  but  this  is  a 
proof  of  the  moon’s  gravity  that  cannot  be  had,  till  the  pxefent 
ftate  of  things  comes  to  its  diffoluticn.  When  a  body  is,  pro- 
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:,edled  in  the  air,  we  do  not  fee  it  fall  in  the  perpendicular  to¬ 
wards  the  earth,  but  we  fee  it  falling  every  moment  from  the 
tangent  to  the  curve,  that  is,  from  the  dire&ion  in  which  it 
would  have  moved  if  its  gravity  had  not  adted  for  that  mo¬ 
ment.  And  this  proof  we  have  of  the  moon’s  gravity  :  for 
tho’  we  do  not  fee  her  falling  diredtly  towards  the  earth  in  a 
right  line,  yet  we  obferve  her  defcending  every  moment  towards 
the  earth  from  the  right  line  which  was  the  dire&ion  of  her 
motion  at  the  beginning  of  that  moment ;  and  this  is  no  lefs 
evidently  a  proof  of  her  being  adted  upon  by  gravity,  or  fome 
power  like  to  it,  than  her  redtilineal  defcent  would  be  was 
ihe  allowed  to  fall  freely  towards  the  earth. 

3.  If  we  had  engines  of  a  fufficient  force,  bodies  might 
be  projedted  from  them  fo  as  not  only  to  be  carried  a  vaft  way 
without  falling  to  the  earth,  but  fo  as  to  move  over  a  quarter 
of  a  great  circle  of  it,  or  (abftradting  from  the  effedts  of  the  air’s 
refiftance)  fo  as  to  move  round  the  whole  earth  without  touch¬ 
ing  it,  and,  after  returning  to  their  firft  place,  commence  a 
new  revolution  with  the  fame  force  they  firft  received  from  the 
engine,  and  after  that  a  third,  and  thus  revolve  as  a  moon  or 
fatellite  round  the  earth  for  ever.  If  this  could  be  effedted 
near  the  earth’s  furface  it  might  be  done  higher  in  the  air  or 
even  as  high  as  the  moon,  could  the  engine,  or  an  equivalent 
power,  be  carried  up  and  made  to  adt  there.  By  increafing 
the  force  of  the  power,  a  body  proportionally  larger  might  be 
thus  projedted;  and,  by  a  power  fufficiently  great,  a  heavy  body 
not  inferior  to  the  moon  might  be  put  in  motion  at  firft ; 
which,  being  perpetually  reftrained  by  it  gravity  from  going  off 
in  a  right  line,  might  revolve  for  ever  about  the  earth.  Thus 
Sir  Ifaac  Newton  faw  that  the  curvilineal  motion  of  the  moon 
in  her  orbit,  and  of  any  projedtile  at  the  furface  of  the  earth, 

were 
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were  phenomena  of  the  fame  kind,  and  might  be  explained 
from  the  fame  principle  extended  from  the  earth  fo  as  to  reach 
the  moon  ;  and  that  the  moon  was  only  a  greater  projectile 
that  received  its  motion,  in  the  beginning  of  things,  from  the 
Almighty  Author  of  the  univerfe. 

4.  But,  to  make  this  perfectly  evident,  it  was  necefiary  to 
fhew  that  the  powers  which  aCt  on  the  moon,  and  on  projectiles 
near  the  earth,  and  bend  their  motions  into  a  curve  line,  were 
directed  to  the  fame  centre,  and  agreed  in  the  quantity  of  their 
force  as  well  as  in  their  direction.  All  we  know  of  force  re¬ 
lates  to  its  direction  or  quantity,  and  a  conftant  coincidence  and 
agreement  in  thefe  two  relpeCts  is  fufficient  ground  to  conclude 
them  to  be  the  fame,  or  fimilar,  phenomena  derived  from  the 
fame,  or  from  like  caufes.  It  was  fhewn  in  the  laft  chapter, 
that  the  gravity  of  heavy  bodies  is  directed  towards  the  centre 
of  the  earth  ;  and  it  appears  from  the  obfervations  of  aftrono- 
mers,  that  the  power  which  aCts  on  the  moon,  inceffantly 
bending  her  motion  into  a  curve,  is  directed  towards  the  fame 
centre  :  for  they  find  that  the  moon  does  not  defcribe  an  exaCt 
circle  about  the  earth  ;  but  an  ellipfe  or  oval  ;  and  that  fhe 
approaches  to  the  earth,  and  then  recedes  from  it,  in  every  re¬ 
volution,  but  fo  as  to  have  her  motion  accelerated  while  fhe 
approaches  to  the  Centre  of  the  earth,  and  retarded  as  fhe  re¬ 
cedes  from  it  ;  which  is  an  indication  that  fhe  is  aCted  on  by  a 
power  dire&ed,  accurately  or  nearly,  towards  the  centre. 

5.  That  this  may  appear  more  fully,  let  us  fuppofe  that  a 
body  is  projected  in  any  right  line,  and,  if  no  new  force  aCfc 
upon  it,  then  mu  ft  it  proceed  in  that  line,  defcribing  equal 
fpaces  in  equal  times,  by  the  firft  law  of  motion  ;  and  if  you 
imagine  a  ray  drawn  always  from  the  body  to  fome  fixed  point, 
that  is  not  in  the  line  of  its  motion,  while  the  body  moves 
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over  equal  fpaces  in  equal  times,  that  ray  will  defcribe  equal 
triangular  fpaces  *  in  equal  times  ;  becaufe  thefe  triangles,  de- 
fcribed  by  the  ray  in  equal  times,  will  have  equal  bafes  on  the 
line  of  projection,  and  one  common  vertex  in  that  fixed  point. 
Suppofe  next  that  a  force,  directed  to  the  fame  fixed  point, 
aCts  upon  the  body,  and  it  will  now  be  carried  out  of  the  firft 
line  of  its  motion  into  a  new  direction,  but  the  area  or  fpace 
defcribed  by  the  ray,  drawn  always  from  the  body  to  that  fixed 
point,  will  be  equal  to  the  fpace  that  would  have  been  defcribed 
by  the  ray  in  the  fame  time  if  no  fuch  force  had  aCted  upon  the 
body  ;  for  thefe  fpaces  are  triangles  ftanding  on  the  fame  bafe 
(viz.  the  firft  diftance  of  the  body  from  that  fixed  point)  and 
between  the  fame  parallel  lines.  The  power,  therefore,  di¬ 
rected  towards  the  given  point  has  no  efteCt  on  the  magnitude 
of  the  area  or  fpace  defcribed  by  the  ray  that  is  fuppofed  to  be 
drawn  always  from  the  body  to  that  point ;  it  may  accelerate 
or  retard  the  motion  of  the  body,  but  affeCts  not  the  area. 
Therefore  the  ray  muft  ftill  continue  to  defcribe  the  fame  ipaces 

*  All  the  reafoning  here  fuppofes  only  one  propofition  very  generally  known,  that 
“  triangles  on  the  fame  bafe,  or  on  equal  bafes,  that  have  the  fame  height,  are  equal 
to  each  other  ;**  from  which  it  eafily  follows,  1.  That  while  a  body  by  an  uniform 
motion  defcribes  the  line  a  f,  (Fig.  52.)  and  moves  over  the  equal  parts  ab,  b  c,  in 
equal  times,  the  triangles  defcribed  by  a  ray  drawn  always  from  the  body  to  the  given 
point  s,  viz.  asb,  b  s  c,  muft  be  equal,  becaufe  their  bales  ab,  b  c  are  equal, 
and  they  have  their  common  vertex  in  s.  2.  Suppofe  a  force  to  adt  on  the  body  in 
JB,  directed  toward  s,  that  would  carry  it  to  e,  if  it  adted  alone  upon  the  body,  in 
the  fame  time  in  which  the  body  by  its  uniform  motion  would  defcribe  b  c,  and  the 
body  will  now  defcribe  b  d  the  diagonal  of  the  parallelogram  b  e  d  c  in  the  fame 
time,  and  the  ray  drawn  from  the  body  to  s  will  defcribe  the  triangle  bsd  equal  to 
bsc  becaufe  they  are  on  the  fame  bafe  b  s  and  between  the  parallels  bs,  cd  ;  that 
is,  the  fpace  defcribed  now  by  the  ray  is  equal  to  the  fpace  that  would  have  been  de¬ 
fcribed  by  it  if  no  new  force  had  adted  on  the  body  b  :  from  which  it  appears,  that 
the  fpace  defcribed  by  the  ray  is  not  increafed  or  diminifhed  by  any  adlion  of  the 
body  diredted  towards  s,  and  therefore  the  ray  drawn  from  the  body  to  s  will  Hill 
continue  to  defcribe  equal  fpaces  in  equal  times,  if  no  new  force  adt  upon  it  but  what 
is  diredted  towards  s. 
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in  equal  times  about  the  given  point,  as  it  would  have  done  if 
no  new  force  had  aded  on  the  body,  but  it  had  been  per¬ 
mitted  to  proceed  uniformly  in  the  line  of  projedion. 

6.  As  one  impulfe  towards  the  given  point  has  no  effect  on 
the  area,  or  fpace,  defcribed  by  the  ray  tending  always  from  the 
body  to  that  point,  fo  any  number  of  fucceffive  impulfes  di¬ 
rected  to  the  fame  point  can  have  no  effect  on  that  area,  fo  as 
to  accelerate  or  retard  its  defcription  ;  and,  if  you  fuppofe  the 
power  directed  to  that  point  to  act  continually,  it  will  bend 
the  way  of  the  body’s  motion  into  a  curve  ;  and  may  accele¬ 
rate  or  retard  its  velocity,  but  can  never  affect  the  area  de¬ 
fcribed  in  a  given  time  by  the  ray  fuppofed  to  be  drawn  al¬ 
ways  from  the  body  to  the  given  point ;  which  therefore  will  be 
always  of  an  invariable  quantity,  equal  to  that  which  would 
have  been  defcribed  in  the  fame  time,  if  the  body  had  pro¬ 
ceeded  uniformly  in  a  right  line,  from  the  beginning  of  the 
motion. 

7.  The  converfe  of  this  theorem  (hews,  that  the  equable  in- 
creafe  of  the  areas  defcribed  by  a  ray,  drawn  always  from  a  body 
to  a  given  point,  is  an  indication  that  the  direction  of  the 
power  that  ads  upon  the  body,  and  bends  its  way  into  a  curve, 
is  direded  to  that  point.  It  is  eafy  to  fee,  that  if  that  power 
was  direded  to  either  fide  of  the  point  *,  it  would  increafe  of 
diminifh  the  area  defcribed  by  the  ray  drawn  from  the  body  to 
the  point ;  fo  that  if  equal  areas  continue  to  be  defcribed  about 
it  in  equal  times,  we  may  be  affured  that  the  power  is  direded  to 

that  point.  If  a  body  defcribe  a  circle  with  an  equable  mo- 

•  .  <  * 

*  If  a  new  force  aded  upon  the  body  at  b,  that  was  direded  to  either  fide  of  s,  the 
body,  inftead  of  being  found  in  the  line  cd,  would,  in  the  fame  time,  either  pafs 
that  line  or  fall  Ihort  of  it,  and  the  area  defcribed  by  the  ray  drawn  from  the  body  s 
would  either  be  greater  or  lefs  than  bsc. 

tion, 
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lion,  fo  as  to  move  over  equal  arcs  in  equal  times,  the  areas 
defcribed  in  equal  times  by  a  ray  drawn  from  the  body  to  the 
centre  of  the  circle  will  be  equal,  and  it  is  plain  that  the  force 
which  bends  the  body  into  the  curve  muft  tend  to  that  centre; 
for  if  it  was  directed  to  any  other  point,  the  body  would  be 
accelerated  in  its  motion  as  it  approached  to  that  point,  and  re¬ 
tarded  as  it  removed  to  a  greater  diftance  from  it.  We  have 
explained  this  proportion  at  fome  length,  becaufe  it  is  of  the 
greateft  confequence  in  this  philofophy.  From  it  we  learn, 
that  the  force  which  retains  the  moon  in  her  orbit  is  directed  to 
the  centre  of  the  earth,  becaufe  fhe  defcribes,  by  a  ray  drawn 
to  the  centre  of  the  earth,  equal  lpaces  in  equal  times,  being 
accelerated  in  her  motion  as  fhe  approaches  to  the  earth,  and 
retarded  as  fhe  recedes  from  it.  We  fliall,  afterwards,  fee  that 
a  fmall  inequality  in  thefe  fpaces  only  ferves  to  confirm  our  au¬ 
thor’s  philofophy. 

8.  There  is,  therefore,  a  power  which  ads  on  the  moon, 
like  to  gravity,  direded  to  the  centre  of  the  earth  ;  and  as 
this  power  makes  her  fall  from  the  diredion  of  her  motion 
every  moment  towards  the  earth  ;  fo,  if  her  projedile  motion 
was  deftroyed,  the  fame  power  would  make  her  fall  to  the 
earth,  in  a  dired  line  :  and  becaufe  this  power  ads  inceffantly, 
bending,  every  moment,  her  way  into  a  curve,  it  therefore 
would  make  her  defcend  to  the  earth  with  an  accelerated  mo¬ 
tion,  like  that  of  heavy  bodies  in  their  fall.  It  remains  only 
to  fhew,  that  the  power  which  ads  on  the  moon  agrees  with 
gravity  in  the  quantity  of  its  force,  as  well  as  in  all  other  re- 
fpeds.  But,  before  we  compare  them  in  this  particular,  we 
are  to  obferve,  that  the  power  which  ads  upon  the  moon  is  not 
the  fame  at  all  diftances  from  the  earth,  but  is  always  greater 
when  fhe  is  nearer  to  the  earth.  To  be  fatisfied  of  this,  it  is 
only  necefTary  to  fee  that  to  bend  the  motion  of  a  body  into  a 

curve., 
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curve,  when  it  moves  with  a  greater  velocity,  requires  the  adtion 
of  a  greater  power  than  when  it  defcribes  the  fame  curve  with  a 
lefs  velocity.  This  is  obvious  enough,  but  may  appear  more  fully 
thus  :  imagine  a  tangent  [Fig.  53.)  drawn  at  the  beginning  of 
a  fmall  arc  defcribed  by  the  body,  and  as  this  is  the  line  which 
the  body  would  have  followed  if  no  new  power  had  adted  upon 
it,  the  effedt  of  that  power  is  eftimated  by  the  depreffion  of  the 
other  extremity  of  the  arc  under  that  tangent :  now  it  is  plain, 
that  in  arcs  of  the  fame  curvature  or  flexure,  the  greater  the 
arc  is,  the  farther  muft  one  extremity  of  it  fall  below  the  tan¬ 
gent  drawn  at  the  other  extremity  ;  and  confequently  when  a 
body  defcribes  a  greater  arc,  it  muft  be  adted  on  by  a  greater 
power  than  when  it  defcribes  alefler  arc  in  the  fame  time.  Now 
as  the  moon  approaches  to  the  earth,  her  motion  is  accelerated, 
is  fwifteft  at  her  leaf!;  diftance,  and  floweft  at  her  greatefl:  dis¬ 
tance,  and  the  arcs  which  fhe  defcribes  at  her  greatefl  and 
leaft  diftance  have  the  fame  curvature,  therefore  the  force 
which  adls  upon  her  at  her  leaft  diftance,  when  her  motion  is 
iwifter,  muft  be  the  greater  force. 

\ 

9.  It  will  not  be  difficult  to  fee  according  to  what  law  this 
power  varies,  at  her  greatefl:  and  leaft  diftances  from  the  earth. 
That  it  may  appear  more  eaftly,  let  us  aflume  a  Ample  cafe, 
and  fuppofe  that  her  leaft  diftance  is  the  half  of  her  greatefl 
diftance.  If  this  was  true,  the  moon  would  move  with  a  double 
velocity  in  her  leaft  diftance,  that  the  area  defcribed  there  by  a 
ray  from  her  to  the  earth  might  be  equal  to  the  area  defcribed 
by  fuch  a  ray,  in  the  fame  time,  at  her  greatefl:  diftance  ;  fo  that 
fhe  would  defcribe  at  her  leaft  diftance  an  arc,  in  one  minute, 
equal  to  the  arc  fhe  would  defcribe  in  two  minutes  at  her 
greatefl:  diftance  ;  and  would  fall  as  much  below  the  tangent  at 
the  beginning  of  the  arc,  in  one  minute  in  the  lower  part  of  her 
orbit,  or  th t  perigaeum,  as  in  two  minutes  in  the  higher  part  of 
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it,  or  her  apogaeum.  If  therefore  her  proje&ile  motion  was  de- 
ftroyed  at  her  leaft  diftance,  fhe  would  fall  towards  the  earth  as 
much  in  one  minute,  as  in  two  minutes  if  her  projedtile  motion 
was  deftroyed  at  her  greateft  diftance.  But  the  fpaces  defcribed 
by  a  heavy  body  in  its  defcent  are  as  the  fquares  of  the  times, 
by  Book  II.  Chap,  i .  §  1 1  ;  and  fuch  a  body  defcends  thro’  a 
quadruple  fpace  in  a  double  time ;  fo  that  the  moon  defcending 
freely  at  her  greateft  diftance,  would  neceffarily  fall  four  times 
as  far  in  two  minutes  as  in  one  minute.  Therefore  fhe  would 
fall  thro’  four  times  as  much  fpace,  in  one  minute,  at  her  leaft 
diftance,  as  at  her  greateft  diftance  in  the  fame  time.  But  the 
forces  with  which  heavy  bodies  defgend,  are  in  the  fame  propor¬ 
tion  as  the  fpaces  defcribed,  in  confequence  of  thofe  forces,  in 
equal  fmall  parts  of  time  ;  confequently  the  power  that  aCts  at 
the  leaft  diftance  is  quadruple  of  that  which  aCts  at  the  greater 
diftance,  when  the  latter  is  fuppofed  to  be  double  of  the  former  ; 
or  the  forces  are  as  4  to  1,  when  the  diftances  are  as  1  to  2. 
We  find,  therefore,  that  the  force  which  aCts  upon  the  moon, 
and  bends  her  courfe  into  a  curvilinear  orbit,  increafes  as  the 
diftance  from  the  centre  of  the  earth  decreafes,  fo  as  to  be  qua¬ 
druple  at  half  the  diftance.  In  the  fame  manner  it  is  fhewn, 
that  if  her  leaft  diftance  was  the  third  part  only  of  her  greateft 
diftance,  her  velocity  would  be  triple  at  the  leaft  diftance,  to 
preferve  the  equability  of  the  areas  defcribed  by  a  ray  drawn 
from  her  to  the  centre  of  the  earth  ;  and  that  fhe  would  be 
acted  upon  by  a  power  which  would  have  the  fame  eftetft  there 
in  one  minute,  as  in  three  minutes  at  her  greateft  diftance  ;  fo 
that  if  fhe  was  allowed  to  defcend  freely  from  each  diftance, 
fhe  would  fall  nine  times  as  far  from  the  leaft  diftance  as  from 
the  greateft,  in  the  fame  time  ;  confequently,  the  power  itfelf 
which  caufes  her  defcent  would  be  nine  times  greater  at  the 
third  part  of  the  diftance  ;  or  the  diftances  being  as  1  to  3, 
the  force  of  gravitv  at  thofe  diftances  would  be  as  9  to  1,  that 
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is,  inverfely  as  the  fquares  of  the  diftances.  In  the  fame  man¬ 
ner,  it  appears  that  when  the  greateft  and  leaft  diftances  are 
fuppofed  to  be  in  any  proportion  of  a  greater  to  a  lefler  num¬ 
ber,  the  velocities  of  the  revolving  planet  are  in  the  inverfe 
ratio  of  the  fame  numbers  ;  and  that  the  powers,  which  bend 
its  motion  into  a  curve,  are  in  the  inverfe  ratio  of  the  fquares  of 
thofe  numbers. 

10.  In  general,  let  t  [Fig.  53.)  reprefent  the  centre  of  the 
earth,  alp  the  moon’s  elliptical  orbit,  a  the  apogaeum ,  p  the 
perigaeum ,  a  h  and  p  k  the  tangents  at  thofe  points,  a  m  and 
p  n  any  fmall  arcs  defcribed  by  the  moon  in  equal  times,  at  thofe 
diftances  ;  m  h,  n  k,  the  fubtenfes  of  the  angles  of  contad, 
terminated  by  the  tangents  in  h  and  k  :  then  m  h  and  n  k  will 
be  equal  to  the  fpaces  which  would  be  defcribed  by  the  moon, 
if  allowed  to  fall  freely  from  the  refpedive  places  a  and  p,  in 
equal  times ;  and  will  be  in  the  fame  proportion  to  each  other, 
as  the  powers  which  ad  upon  the  moon,  and  infled  her  courfe, 
at  thofe  places.  Let  a  m  be  taken  equal  to  p  n/  and  j vi  h ,  pa¬ 
rallel  to  a  p,  meet  the  tangent  at  a  in  h  p"  then,  becaufe  the 
curvature  of  the  ellipfe  is  the  fame  at  a  as  at  p,  in  h  is  equal 
to  kn;  and,  if  the  moon  was  to  fall  freely,  from  the  places 
p  and  a,  towards  the  earth,  her  gravity  would  have  a  greater 
effed  at  p  than  at  a,  in  equal  times,  in  proportion  as  m  h  is 
greater  than  m  h.  But  m  h  is  the  fpace  which  the  moon  would 
defcribe  freely  by  her  gravity  at  a,  in  the  time  in  which  a  h 
would  be  defcribed  by  her  projedile  motion  at  a  ;  and  m  h  is 
the  fpace  thro’  which  fhe  would  defcend  freely  by  her  gravity 
at  a,  in  the  time  in  which  a  h  would  be  defcribed  by  her  pro¬ 
jedile  motion  ;  and  thofe  fpaces  being  as  the  fquares  of  the 
times,  it  follows  that  m  h  is  to  m  h,  as  the  fquare  of  a  h  to  the 
fquare  of  ah,  or  (becaufe  of  the  equality  of  the  areas  tah, 
tp  k)  as  the  fquare  of  tp  to  the  fquare  of  t  a.  Therefore 
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the  gravity  at  p  is  to  the  gravity  at  a,  as  the  fquare  of  t  a  to 
the  fquare  of  tp;  that  is,  the  gravity  of  the  moon  towards 
the  earth  increafes  in  the  fame  proportion  as  the  fquare  of  the 
diftance  from  the  centre  of  the  earth  decreafes.  Sir  Ifaac 
Newton  fhews  the  univerfality  of  this  law,  in  all  her  diftances, 
from  the  diredtion  of  the  power  that  ads  upon  her,  and  from 
the  nature  of  the  ellipfis ,  the  line  which  fhe  defcribes  in  her  revo¬ 
lution  ;  and  it  follows  from  the  properties  of  this  curve,  that,  if 
you  take  fmall  arcs  defcribed  by  the  moon  in  equal  times,  the 
fpace  by  which  the  extremity  of  any  arc  defcends  towards  the 
earth  below  its  tangent  at  the  other  extremity,  is  always  greater 
in  proportion  as  the  fquare  of  the  diftance  from  the  focus  is 
lefs  :  from  which  it  follows  that  the  power  which  is  propor¬ 
tional  to  this  fpace  obferves  the  fame  proportion. 

11.  The  moon’s  orbit,  according  to  the  obfervations  of 
aftronomers,  differs  not  much  from  a  circle  of  a  radius  equal 
to  lixty  times  the  femi-diameter  of  the  earth  ;  and  the  circum¬ 
ference  of  her  orbit,  is,  therefore,  about  fixty  times  the  cir¬ 
cumference  of  a  great  circle  of  the  earth  ;  which,  by  the 
French  mathematicians,  was  found  to  be  1  23  249600  Parifian 
feet.  The  circumference  of  the  moon’s  orbit  is  eafily  com¬ 
puted  from  this;  and,  fince  fhe  finifhes  her  revolution  in  27 
days,  7  hours  and  43  minutes,  it  is  eafy  to  calculate  what  arc 
ftie  defcribes  in  one  minute.  Now,  to  compute  by  what  fpace 
one  end  of  this  arc  falls  below  a  tangent  drawn  at  the  other 
end,  we  learn  from  geometry  that  this  fpace  is  nearly  a  third 
proportional  to  the  diameter  of  her  orbit  and  the  arc  fhe  de¬ 
fcribes  in  a  minute  ;  and  by  an  eafy  calculation  this  fpace  is 
found  to  be  1 5--  Parifian  feet.  This  fpace  is  defcribed  in  con- 
fequence  of  her  gravity  towards  the  earth,  which,  therefore, 
is  a  power,  that,  at  the  diftance  of  fixty  femi-diameters  of 
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the  earth,  is  able  to  make  her  defcend  in  one  minute  through 
i5ti  Parifian  feet.  This  power  increafes  as  fhe  approaches  to 
the  earth  :  in  order  to  fee  what  its  force  would  be  at  the  fur- 
face  of  the  earth,  let  us  fuppofe  her  to  defcend  fo  Jow  in  her 
orbit  as,  at  her  lead:  diftance,  to  pafs  by  the  furface  of  the 
earth.  She  would  then  come  fixty  times  nearer  to  the  centre 
of  the  earth,  and  move  with  a  velocity  fixty  times  greater, 
that  the  areas,  defcribed  by  a  line  drawn  from  her  to  that 
centre  in  equal  times,  might  ftill  continue  equal.  The  moon 
therefore  palling  by  the  furface  of  the  earth,  at  her  loweft  dif¬ 
tance,  would  defcribe  an  arc  in  one  fecond  of  time  (which  is 
the  fixtieth  part  of  a  minute)  equal  to  that  which  (he  de- 
fcribes  in  a  minute  at  her  prefent  mean  diftance,  and  would 
fall  as  much  below  the  tangent  at  the  beginning  of  that  arc 
in  a  fecond,  as  fhe  falls  from  the  tangent  at  her  mean  diftance  in 
a  minute  ;  that  is,  fhe  would  fall  near  the  furface  of  the  earth 
1 5^  Parifian  feet  in  one  fecond  of  time.  Now  this  is  exa&ly 
the  fame  fpace  through  which  all  heavy  bodies  are  found  by 
experience  to  defcend  by  their  gravity,  near  the  furface  of  the 
earth,  as  we  obferved  above.  The  moon,  Therefore,  would 
defcend  at  the  furface  of  the  earth  with  the  fame  velocity,  and 
every  way  in  the  fame  manner,  as  heavy  bodies  fall  towards 
the  earth  ;  and  the  power  which  acts  upon  the  moon,  agreeing 
in  dire&ion  and  force  with  the  gravity  of  heavy  bodies,  and 
adiing  inceffantly  every  moment,  as  their  gravity  does,  they 
muft  be  of  the  fame  kind,  and  proceed  from  the  fame  caufe. 

12.  The  computation  may  be  made  alfo  after  this  manner  : 
the  mean  diftance  of  the  moon  from  the  earth  being  fixty  times 
the  diftance  of  heavy  bodies  at  the  furface  from  its  centre,  and 
her  gravity  increafing  in  proportion  as  the  fquare  of  her  diftance 
from  the  centre  of  the  earth  decreafes,  her  gravity  would  be 
60x60  times  greater  near  the  furface  of  the  earth  than  at  her 
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prefent  mean  diftance,  and  therefore  would  carry  her  through 
60x60x15^  Pari  ft  an  feet  in  a  minute  near  the  furface:  but 
th£  fame  power  would  carry  her  through  60x60  times  lefs 
{pace  in  a  fecond  than  in  a  minute,  by  what  has  been  often 
obferved  of  the  defcent  of  heavy  bodies ;  and,  therefore,  the 
moon  in  a  fecond  of  time  would  fall  by  her  gravity  near  the  fur- 
face  of  the  earth  1 5~  Parijian  feet ;  which  therefore  is  the  fame 
with  the  gravity  of  terreftrial  bodies. 

1 3.  Thus  Sir  Ifaae  Newton  fhewed  that  the  power  of  gra¬ 
vity  is  extended  to  the  moon  ;  that  die  is  heavy,  as  all  bodies 
belonging  to  the  earth  are  found  by  perpetual  experience  to  be; 
and  that  the  moon  is  retained  in  her  orbit  from  the  fame  caufe 
in  confequence  of  which  a  ftone,  bullet,  or  any  other  projectile, 
defcribes  a  curve  in  the  air.  If  the  moon,  or  any  part  of  her, 
was  brought  down  to  the  earth,  and  projected  in  the  fame  line 
and  with  the  fame  velocity  as  a  terreftrial  body,  it  would  move 
in  the  fame  curve  ;  and  if  any  body  was  carried  from  our  earth 
to  the  diftance  of  the  moon,  and  was  projected  in  the  fame  di¬ 
rection  and  with  the  fame  velocity  with  which  the  moon  is 
moved,  it  would  proceed  in  the  fame  orbit  which  the  moon 
defcribes,  with  the  fame  velocity.  Thus  the  moon  is  a  pr.oje£ile, 
and  the  motion  of  every  projedtile  gives  an  image  of  the  motion 
of  a  fatellite  or  moon.  Thefe  phenomena  are  fo  coincident, 
that  it  is  manifeft  they  mu  ft  flow  from  the  feme  caufe. 
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CHAP.  III. 

Of  the  folar  fyftem  :  and  the  parallaxes  of  the  planets  and  fixed 

ftars. 

l.TJAVING-  &ewed  that  gravity  is  extended  from  the 
furface  of  the  earth  to  the  moon,  and  to  all  diftances 
upwards,  decreafing  in  a  regular  courfe  as  the  fquares  of  thofe 
diftances  increafe,  our  author  did  not  ftop  here  :  as  any  con- 
ftderable  difcovery  in  nature  generally  opens  a  new  fcene,  fo 
valuable  a  one  as  this  could  not  be  barren  in  Sir  Ifaac  Newtons 
hands.  The  gravity  of  the  moon  fuggefted  to  him  the  uni- 
verfal  gravitation  of  matter  ;  and  fo  fuccefsful  an  account  of 
her  motion  led  him  to  explain  all  the  curvilinear  motions  in 
the  folar  lyftem,  from  the  fame  principle.  The  earth  cannot 
be  confidered  as  the  centre  of  the  motions  of  any  body  in  the 
fyftem  but  of  the  moon  only,  with  which  {he  forms  one  of 
thofe  lefier  fyftems  of  which  the  vaft  folar  fyftem  coniifts.  The 
inferior  planets,  Mercury  and  V enus ,  do  not  fo  much  as  in¬ 
clude  the  earth  within  their  orbits,  but  manifeftly  revolve  round 
the  fun  ;  for  fome times  they  are  farther  diftant  from  us  than 
the  fun,  and  at  other  times  pafs  between  him  and  us,  but* 
never  are  feen  oppoftte  to  the  fun,  or  appear  removed  from  him* 
beyond  a  certain  arc,  which  is  called  their  greatefi  elongation . 
The  higher  planets,  Mars ,  Jupiter  and  Saturn ,  move  in 
orbits  which  include  the  earth  indeed  ;  but  it  appears  from 
their  motions,  which  viewed  from  the  earth  are  fubjed  to  many 
irregularities,  that  the  earth  is  not  to  be  confidered  as  the 
centre  of  their  orbits.  Sometimes  they  appear  to  proceed  in 
thefe  orbits  from  weft  to  eaft,  fometimes  they  feem  ftationa?y 
or  without  motion,  and  at  other  times  they  appear  retrograde  y 
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or  to  go  backwards  from  eaft  to  weft  :  and  thefe  irregularities, 
tho’  different  in  the  different  planets,  are  exa&ly  fuch,  in  all 
of  them  as  fhould  appear  to  us  in  confequence  of  the  motion 
of  the  earth  in  her  orbit. 

2.  The  motions  of  all  the  planets  about  the  fun  are  conftant 
and  regular.  They  all  move  round  him  from  weft  to  eaft, 
almoft  in  the  fame  plane,  in  elliptic  orbits  that  have  the  fun 
in  one  of  the  foci,  but  of  which  fome  approach  very  near  to 
circles.  Mercury  poffeffes  the  loweft  place  ;  where  moving 
with  the  greateft  velocity  of  them  all,  and  in  the  leaft  orbit, 
he  finifhes  his  revolution  in  two  months  and  2  8  days.  The 
planet  Venus ,  which  is  called  by  us  fometimes  the  evening  ftar, 
fometimes  the  morning  ftar,  according  as  it  appears  to  us  eaft- 
ward  or  weftward  from  the  fun,  and  confequently  fets  later  or 
rifes  earlier,  is  next  to  Mercury  in  the  fyftem,  and  revolves  in 
about  feven  months  and  1 5  days.  Above  thefe  next  in  order 
revolves  the  earth ,  with  her  fatellite  the  moon ,  in  the  fpace  of 
a  year.  Mars  is  above  the  earth,  and  is  the  firft  which  in¬ 
cludes  the  earth,  as  well  as  the  fun,  in  his  orbit  ;  which  he 
deferibes  in  one  year,  ten  months  and  22  days.  Higher  in 
the  fyftem  and  at  a  great  diftance  Jupiter  revolves,  with  his 
four  fatellites,  in  eleven  years,  ten  months  and  1 5  days.  Laft 
of  all,  Saturn,  with  five  fatellites,*  and  a  ring  peculiar  to  him, 
moves  in  a  vaft  orb  with  the  floweft  motion,  and  finifhes  his 
period  in  twenty  nine  years,  five  months  and  27  days, 

3.  Suppofe  the  earth’s  mean  diftance  from  the  fun  to  be  di¬ 
vided  into  100  equal  parts,  then  the  mean  diftances  of  Mer¬ 
cury,  Venus ,  Mars,  Jupiter  and  Saturn,  from  the  fun,  fhall 
confift  of  nearly  38,  72,  152,  520  and  954  fuch  parts,  re- 
fpe&ively.  Or  if  they  be  required  with  greater  exacftnefs,  let 
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the  earth’s  mean  diftance  be  reprefented  by  100000,  and  the 
diftances  of  thofe  feveral  planets  fhall  be  reprefented  by  the 
numbers  38710,  72333,  152369,  520096,  954006,  re¬ 
flectively. 

The  diftances  of  Mercury  and  V enus  are  determined  by  their 
greateft  elongations  from  the  fun.  Let  s  [Fig.  54.)  reprefent  the 
fun,  t  the  earth,  and  fuppofing  avb  the  orbit  of  Venus  to  be 
perfectly  circular,  draw  t  v  a  tangent ;  then  fhall  v  reprefent 
the  place  of  V enus  where  her  elongation  from  the  fun  is  greateft, 
and  the  triangle  svr  being  right  angled  at  v,  it  follows  that 
■st,  the  diftance  of  the  earth  from  the  fun,  is  to  sv,  the  dif¬ 
tance  of  V enus  from  the  fun,  as  the  radius  to  the  fine  of  the 
angle  stv  the  greateft  elongation  of  V enus  from  the  fun.  In 
this  manner,  the  diftances  of  the  inferior  planets  are  compared 
with  the  diftance  of  the  earth  from  the  fun.  The  diftances  of 
the  fuperior  planets  are  determined  from  their  retrogradations, 
and,  in  fuch  as  have  fatellites,  by  the  eclipfes  of  thofe  fatellites. 
For  example,  let  1  [Fig.  55.)  reprefent  the  planet  Jupiter ,  and 
if  the  right  line  s  i,  joining  the  centres  of  the  fun  and  Jupiter , 
be  produced  to  m,  then  fhall  1  m  be  the  axis  of  his  ihadow, 
the  pofition  of  which  is  determined  by  the  eclipfes  of  the  fatel¬ 
lites,  and  fhews  the  heliocentric  place  of  Jupiter ,  u  e.  his  place 
viewed  from  the  fun.  Produce  the  line  t  i,  which  joins  the 
centres  of  the  Earth  and  Jupiter ,  to  n,  and  n  fhall  reprefent 
the  geocentric  place  of  Jupiter ,  /.  e.  his  place  when  viewed 
from  the  earth.  The  difference  of  thofe  places  gives  the  angle 
n  1  m  or  t  is  ;  the  angle  1  t  s,  the  elongation  of  Jupiter 
from  the  fun  as  feen  from  the  earth  at  t,  is  eafily  found  by 
obfervation  \  confequently  all  the  angles  of  £he  triangle  tis 
are  known,  with  the  proportion  of  its  fides,  which  is  the  fame 
as  of  the  fines  of  thofe  angles  ;  and  thus  the  proportion  of  s  r, 
the  diftance  of  Jupiter  from  the  fun,  to  s  t,  the  diftance  of 
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the  earth  from  the  fun  is  difcovered.  The  angle  t  i  s  is  that 
under  which  s  t  the  femi-diameter  of  the  earth’s  orbit  would 
appear  if  viewed  from  t,  or  the  elongation  of  the  earth  from, 
the  fun  as  it  would  appear  to  a  fpedtator  at  'Jupiter . 

a.  In  the  firft  chapter  of  this  book,  we  explained  at  length 
how  the  diftances  of  the  celeftial  bodies  are  difcovered  by  what 
is  called  the  diurnal  parallax,  that  is,  the  angle  under  which  the 
femi-  diameter  of  the  earth  would  appear  at  thofe  diftances-. 
By  this  method  the  diftance  of  the  moon  from  the  eaith  is 
compared  with  its  femi-diameter.  When  V e?ius  and  Mars  are 
at  their  leaft  diftances  from  the  earth,  it  is  of  ufe  likewife  for 
eftimating  thofo  diftances.  But  in  tnoft  other  cafos,  the  dif¬ 
tances  of  the  celeftial  bodies  are  fo  great,  and  the  femi-diame¬ 
ter  of  the  earth  bears  fo  fmall  a  proportion  to  them,  that  the 
angle  under  which  it  would  appear,  viewed  at  fo  great  diftances, 
cannot  be  difcovered  by  our  inftruments,  with  any  tolerable  ac¬ 
curacy.  Therefore  aftronomers  have  been  obliged  to  have  re- 
courfe  to  other  inventions.  The  method  propofed  by  Arijiar- 
chus  for  determining  the  diftance  of  the  fun,  by  obferving  the 
time  when  the  moon  s  difk  appears  to  be  half  illuminated  by 
the  fun,  may  be  confldered  as  an  attempt  to  fubftitute  the  fe¬ 
mi-diameter  of  the  moon  s  orbit  in  place  of  the  fomi-diameter 
of  the  earth.  Let  s  and  t  (. Fig.  56.)  reprefent  the  fun  and  earth, 
l  the  moon’s  place  when  t  l  is  perpendicular  to  s  l,  at  which 
time  her  difk  ought  to  appear  to  us  to  be  bife&ed  by  the  boun¬ 
dary  of  light  and  darknefs  upon  her  furface  ;  and  it  is  manifeft 
that  t  s,  the  diftance  of  the  earth  from  the  fun,  is  then  to  tl, 
the  diftance  of  the  moon  from  the  earth,  as  the  radius  to  the 
fine  of  the  angle  l  s  t,  the  complement  of  the  angle  s  t  l  the 
elongation  of  the  moon  from  the  fun  at  that  time.  But  this 
method,  tho’  very  ingenious,  has  proved  unfuccefsful  ;  aftro¬ 
nomers  finding  it  impratfticable  to  determine  the  time  of  this 

bife&ion 
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bife&ion  of  the  lunar  dilk  with  fufficient  exa&nefs  for  this  pur- 
pofe.  We  learn  from  it,  however,  that  the  diftance  of  the  fun 
is  vaftly  greater  than  that  of  the  moon  ;  for  it  is  obvious  that 
the  nearer  the  angle  stl  approaches  to  a  right  one,  the  greater 
muft  the  diftance  s  t  be  in  proportion  to  t  l  ;  and  that  if  this 
diftance  s  t  was  infinite,  then  stl  would  be  a  right  angle. 
Now  aftronomers  find  it  very  difficult  to  difcover  any  difference 
between  the  angle  stl  and  a  right  angle,  or  between  the  time 
when  the  lunar  dilk  appears  to  be  bife&ed  and  the  quadrature ; 
from  which  it  follows  that  s  t  is  vaftly  greater  than  tl. 

5 .  Aftronomers  finding  the  diurnal  parallax  of  no  ufe  for  de¬ 
termining  or  comparing  the  greater  diftances  in  the  celeftial 
fpaces,  the  femi-diameter  of  the  earth  being  too  fmall  a  bale  for 
this  purpofe,  have  had  recourfe  to  what  they  call  the  annual 
parallax.  In  place,  therefore,  of  the  femi-diameter  of  the 
earth,  they  fubftituted  the  femi-diameter  of  the  orbit  de- 
fcribed  by  the  earth  annually  about  the  fun  ;  or,  in  place 
of  two  ftations  or  fpedators,  one  of  which  was  fuppofed 
to  be  at  the  furface  and  the  other  at  the  centre  of  the 
earth,  they  fubftituted  one  at  the  earth  and  another  at  the  fun. 
In  this  manner  they  obtained  a  bafe  that  bears  a  confiderable 
proportion  to  any  diftances  within  the  folar  fyftem,  and  with 
which  they  were  able  to  compare  them  by  accurate  obferva- 
tions.  As,  in  the  former  cafe*  they  compared  the  diftances 
in  the  heavens  with  the  femi-diameter  of  the  earth*  by  finding 
under  what  angle  it  would  appear  at  thofe  diftances ;  fo,  in 
this  cafe,  they  compare  the  vaft  diftances  of  the  planets  from 
the  fun  with  the  femi-diameter  of  the  earth’s  orbit,  by  finding 
under  what  angle  this  femi-diameter  appears  at  thofe  diftances. 
This  angle  is  greater  at  the  diftance  of  Mars  than  at  that  of 
Jupiter ,  and  is  greater  there  than  at  the  diftance  of  Saturn ; 

L  1  2  decreafing 


26o  Sir  ISAAC  NEWTO  N’s  Book  TIP 

decreafing  always  with  the  diftance,  till  at  length  it  become  too 
fmall  to  be  difcernible  by  the  exadleft  inftruments  we  have. 
Let  i  (Fig.  55.)  reprefent  any  remote  objedi  in  the  lyftem,  a 
the  point  where  the  earth  paftes  betwixt  the  fun  s  and  that  ob¬ 
ject  1,  it  a  tangent  from  the  point  1  to  the  earth’s  orbit,  fupL~ 
pofed  to  be  circular  :  and  when  the  earth  is  at  a,  the  objedi  1 
will  appear  in  the  fame  place  to  the  earth  and  fun  ;  but  when 
the  earth  comes  to  t,  if  we  fuppofe  1  to  have  no  motion,  k 
will  appear  to  the  earth  in  the  right  line  t  i,  and  will  appear  to 
have  gone  backward  by  the  are  that  meafures  the  angle  t  i 
the  fame  which  the  femi-diameter  of  the  earth’s  orbit  s  t  fub- 
tends  at  1  ;  and  this  angle  being  determined  by  obfervation,, 
its  line  will  be  to  the  radius,  as  st  to  s-i  ;  that  is,  as  the  dif¬ 
tance  of  the  earth  from  the  fun  to  the  diftance  of  the  objedi  1 
from  the  fun  ;  which  proportion,  therefore,  is  ealily  com¬ 
puted  by  trigonometry.  When  the  objedi  1  has  a  proper  mo¬ 
tion,  an  allowance  mull  be  made  for  this  motion,  after  it  is 
determined  by  obfervation?. 

The  appearances,  in  this  cafe,  may  be  explained  in  the  foL 
lowing  manner.  Let  s  1  produced  meet  the  fphere  in  which  the 
fixed  ftars  are  apparently  difpofed  in  m,  let  the  two  tangents 
t  1  and  1 1  meet  the  fame  in  n  and  n ,  and  fuppofmg  the  objedi 
1  to  vibrate  continually  between  n  and-  n  like  a  pendulum,  ima¬ 
gine  this  arc  n  n  itfelf  to  be  carried' along  the  arc  n  m  e  with  the 
proper  motion  and  diredlion  of  the  objedi  1.  If  1  reprefent  a 
planet,  the  arc  n  n  which  meafures  the  angle  n  i  n  or  t  ity  will 
fhew  how  much  the  planet  is  retrograde,  the  half  of  which 
angle  is  sit;  which  being  known,  the  proportion  of  s  i  to  s  t 
is  computed  as  above. 

6.  We  afcribe  the  annual  motion  to  the  earth  and  not  to  the 
fun,  according  to  the  Pythagorean  fyftem  revived  by  Copernicus , 
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for  many  reafons  ;  foiae  of  which  were  briefly  mentioned  in  §  1. 
and  2.  By  comparing  the  periodic  times  of  the  primary  pla¬ 
nets  and  their  diftances  from  the  fun,  and  by  comparing  the 
periodic  times  of  the  fatellites  that  revolve  about  Jupiter  and 
Saturn  with  their  refpe&ive  diftances  from  their  primary  planets, 
it  appears  to  be  a  general  law  in  the  folar  fyftem,  that  when 
feveral  bodies  revolve  about  one  centre,  the  fquares  of  the  pe¬ 
riodic  times  inereafe  in  the  fame  proportion  as  the  cubes  of  the 
diftances  from  that  centre  ;  that  is,  the  periodic  times  increafe 
in  a  higher  proportion  than  the  diftances,  and  not  in  lo  high 
a  proportion  as  the  fquares  of  thole  diftances,  but  accurately 
as  the  power  of  the  diftance  whofe  exponent  is  1  - ,  or  as.  the 
number  which  is  a  mean  proportional  between  thofe  numbers 
that  reprefent  the  diftance  and  its  fquare.  The  earth  is  the 
centre  of  the  motion  of  the  moon,  in  all  the  fyftems.  If  the 
fun  like  wife  revolved  round  the  earth,  we  fhould  expeeft  that 
the  fame  general  law  would  take  place  in  their  periodic  times 
and  diftances  compared  together;  or  that  the  fquare  of  27 
days,  7h,  43'  would  be  to  the  fquare  of  365  days,  6h,  9,  as 
the  cube  of  the  moon  s  diftance  fioni  the  earth  to  the  cube  of 
the  fun’s  diftance  from  the  fame  :  from  which  it  is  eafy  to  com¬ 
pute  that  the  fun’s  diftance  ought  to  be  little  more  than  5] 
times  greater  than  the  moon’s  diftance  ;  whereas  it  is  evident, 
from  the  minutenefs  of  the  fun  s  diurnal  parallax,  that  the  fun  s 
diftance  is  feme  hundred  times  greatei  than  the  moon  s  dif¬ 
tance  from  the  earth.  But  if,  with  Copernicus ,  we  fuppofethe 
earth  to  revolve  about  the  fun,  in  an  orbit  placed  betwixt  thole 
of  Venus  and  Mars ,  this  law  will  be  found  to  obtain  be¬ 
tween  the  periodic  times  and  diftances  of  the  eaith  and 
any  of  the  planets  from  the  fun  compared  together  ;  and  the 
harmony  of  the  fyftem  will  appear  complete.  T he  retrogra- 
dations  and  ftations  of  the  planets,  and  the  many  apparent  ir- 

p^rnftgjit'ies  in  their  motions  and  diftances  fiom  the  earth,  fur— 
&  ‘  nifh 
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nifh  us  with  fo  many  arguments  againft  the  Ptolemaic  fyftem, 
according  to  which  thofe  appearances  are  explained  by  a  num¬ 
ber  of  perplexed  folid  orbs  and  epicycles,  in  a  manner  un¬ 
worthy  of  the  noble  fimplicity  and  beauty  of  nature.  It  is 
likewife  to  be  remarked,  that  thofe  inequalities  are  different  in 
the  different  planets,  but  in  each  of  them  are  fuch  as  ought 
to  arife  from  the  annual  motion  of  the  earth.  The  argu¬ 
ments  derived  from  the  magnitude  of  the  fun,  and  its  great 
ufefulnefs  to  all  the  bodies  in  the  fyffem,  which  feem  to  en¬ 
title  it  to  the  moft  centric  place,  are  too  obvious  to  require  our 
infilling  on  them.  The  earth  and  planets  revolve  about  the 
fun,  in  order  to  enjoy  the  benefits  of  his  light  and  heat  ;  but 
no  reafon  appears  wrhy  the  fun  and  planets  fhould  revolve  a- 
round  the  earthc 

_  / 

7„  There  is  but  one  argument  againft  the  annual  motion  of 
the  earth  that  deferves  any  notice,  viz.  The  want  of  an  annual 
parallax  in  the  fixed  liars.  Let  t  a  t  (Fig.  57.)  reprefent  the 
earth’s  orbit  about  the  fun  s,  t  x  the  axis  of  the  earth,  and  tx, 
parallel  to  t  x,  fhall  reprefent  the  pofttion  of  the  fame  axis  at 
the  oppofite  point  t.  Suppofe  tx  to  be  direded  towards  the 
ftar  p  ;  and  it  is  manifeft  that  the  axis  of  the  earth  will  not  be 
direded  to  the  fame  ftar  when  it  comes  to  the  fituation  t  x, 
but  will  contain  an  angle  x  t  p  with  the  line  t  p  joining  the 
earth  and  ftar,  equal  to  the  angle  t  ft,  under  which  the  dia¬ 
meter  t  t  of  the  earth’s  orbit  appears  to  a  fpedator,  viewed 
from  the  ftar  p.  It  might  be  expeded,  therefore,  that  by  ob~ 
ferving  the  fixed  ftar  p  from  the  different  parts  of  the  earth  s 
orbit  t,  /,  (which  may  be  confidered  as  two  ftations  in  this 
problem,  the  moft  fublime  of  all  that  can  be  brought  into 
pradical  geometry,)  we  ought  to  be  able  to  judge,  ircm  its 
different  appearances  at  thofe  ftations,  of  the  angle  t  p  and 
confequently  of  the  proportion  of  t  p,  the  diftance  of  the  ftar, 
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to  t  t ,  the  diameter  of  the  earth  s  orbit,  or  double  diflance  of 
the  fun.  Yet  it  is  certain  that  aftronomers,  hitherto,  have  not 
been  able  to  difcover  any  difference  in  the  apparent  fituations  of 
the  fixed  ftars,  with  refpedt  to  the  axis  of  the  earth  or  to  one 
another,  that  can  arife  from  the  motion  of  the  earth  ;  tho\ 
fince  the  reftoration  of  the  Pythagorean  docii  ine,  they  have 
taken  great  pains  to  examine  this  matter.  In  anfwer  to  this 
objection,  it  is  obferved,  that  the  diflance  of  the  fixed  ftars  is 
fo  very  great,  that  the  diameter  of  the  earth  s  orbit  bears  no 
fenfible  ^proportion  to  it  ;  fo  that  the  angle  t  p  t  is  not  to  be 
difcovered  by  our  exadeft  inftrumcnts.  Nor  is  this  immenfe 
diftance  of  the  fixed  ftars  advanced  by  the  Copernieans  as  an 
hypothefis,  merely  for  the  fake  of  folving  this  objedion  ;  for,, 
as  they  had  reafon  to  fuppofe  the  fixed  ftars  like  to  our  fun, 
they  had  ground  to  conclude  their  diftance  to  be  vaftly  great, 
fince  they  appear  to  us  with  fo  faint  a  light,  and  of  no  fenfible 
diameter,  even  in  the  largeft  telefcopes.  If  we  ftiould  fuppole 
the  diftance  between  us  and  a  fixed  ftar  to  be  divided  into  300 
equal  parts,  and  a  fpedator,  after  paffing  over  299  _of  thofe 
narts,  ihould  view  it  from  the  laft  divifion,  or  at  ^  ^  pait  or 
the  whole  diftance,  the  ftar,  indeed,  would  appear  brighter  to. 
him,  but  not  fenfibly  magnified  in  diameter  ;  becaufe  it  would 
appear  of  the  fame  magnitude  to  him  at  that  diftance,  as  it 
was  in  a  telefcope  that  magnified  300  times.  The  immenfe 
diftance  of  the  fixed  ftars  likewife  appears  from  hence,  that  when 
the  moon  or  any  other  planet  covers  them  from  us,  this  is  done 
in  an  inftant  ;  they  difappear  at  once,  and  not  gradually  as  the 
more  remote  planets  when  covered  by  the  nearer  ones.  II  we 
join  thefe  obfervations  together,  they  will  rather  appear  to  con¬ 
firm  one  another  and  the  motion  of  the  earth,  than  to  make 
againft  it.  The  immenfe  diftance  of  the  fixed  ftars,  that  arifes- 
from  them  jointly,  rather  ftrengthens  the  evidence  of  the  C  0- 

Pernican  fylieni ;  becaufe  the  more  remote  the  ftars  are,  the 
r  J  more 
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more  abfurd  it  mull  appear  to  fuppofe  fo  immenfe  a  fpace  to 
revolve  about  our  earth,  an  inconfiderable  a  point !  that  to  our 
neighbouring  planets  it  is  feen  but  as  a  fmall  fpark  of  light  ; 
to  others  of  them  is  hardly  known  ;  and  to  fome  of  the  fixed 
ftars,  neither  it  nor  the  whole  folar  fyftern  to  which  it  belongs 
is  vifible.  How  can  it  be  imagined  that  thofe  immenfe  bodies* 
funk  fo  deep  in  the  abyfs  of  fpace,  defcribe  daily  fuch  vaft 
rounds  about  fo  mean  a  centre  ;  efpecially  if  it  be  confidered 
that  it  is  highly  probable  fome  of  the  fixed  ftars  are  immenfely 
farther  diftant  than  others,  and  that  all  the  fyftern  of  the  fixed 
ftars,  vifible  to  the  naked  eye  in  a  clear  night,  form  but  a 
fmall  corner  of  the  univerfal  fyftenn 

8.  But  this  is  not  ail  we  learn  from  the  diligence  and  ac¬ 
curacy  of  late  aftronomers,  in  confirmation  of  the  motion  of 
the  earth  about  the  fun,  and  that  ferves  to  refolve  this  the  only 
material  objedfion  againft  it.  An  inftrumeht  was  contrived  by 
the  famous  Mr.  Graham  (for  a  defcription  of  which  we  refer 
the  reader  to  Dr.  Smith's  excellent  treatife  of  optics )  and  exe¬ 
cuted  with  furprifing  exadtnefs,  which  being  placed  in  the  ver¬ 
tical  line,  a  ftar  in  the  conftellation  Draco  that  paffed  near  the 
zenith  was  obferved  by  this  inftrument  for  a  number  of  years, 
with  a  view  to  difcover  its  parallax,  by  Mrs.  Molyneux ,  Bradley 
and  Graham.  They  foon  difcovered  that  the  ftar  did  not  ap¬ 
pear  always  in  the  fame  place  in  the  inftrument,  but  that  its 
diftance  from  the  zenith  varied,  and  that  the  difference  of  its 
apparent  places  amounted  to  21  or  22  feconds.  This  ftar 
is  near  the  pole  of  the  ecliptic.  They  made  fimilar  obfervations 
on  other  ftars,  and  found  a  like  apparent  motion  in  them, 
proportional  to  the  latitude  of  the  ftar.  This  motion  was  by 
no  means  fuch  as  was  to  have  been  expedted  as  the  eftedt  of  a 
parallax  ;  and  it  was  fome  time  before  they  difcovered  any  way 
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of  accounting  for  this  new  phenomenon  :  but  at  length  Mr. 
Bradley  refolved  all  its  variety  in  a  fatisfa&ory  manner,  by  the 
motion  of  light  and  the  motion  of  the  earth  compounded  to- 

Let  ad  [Fig.  58.)  reprefent  a  fmall  portion  of  the  earths 
orbit,  cd  a  ray  of  light  moving  from  the  ftar  with  the  di¬ 
rection  c  d  ;  and  if  the  earth  was  at  reft,  the  telefcope  would 
be  direded  to  the  ftar,  by  placing  it  in  the  right  line  a  e  pa¬ 
rallel  to  d  c.  Let  a  d  be  to  d  c,  as  the  velocity  of  the  earth 
in  its  orbit  to  the  velocity  of  light,  and  it  is  manifeft  that  the 
telefcope  muft  now  be  placed  in  the  fttuation  ac,  that  the 
ray  of  light  may  run  along  its  axis,  and,  after  entering  the 
middle  of  the  objeCt  glafs  at  c,  may  iffue  at  the  middle  of  the 
eye  glafs  at  a  ;  becaufe,  while  the  ray  defcribes  the  right  line 
cd,  the  point  a  is  carried  forwards  to  d,  and  the  telefcope  by 
moving  parallel  to  itfelf  is  carried  into  the  fttuation  d  c.  But 
the  apparent  place  of  the  ftar  is  determined  by  the  pofttion  of 
the  telefcope,  and  confequently  the  ftar  will  appear  in  the  right 
line  a  c,  and  not  in  its  true  fttuation  ae.  Thus  a  ftar  in  the 
pole  of  the  ecliptic  will  appear  to  have  its  latitude  diminiftied 
by  the  angle  e  ac  or  acd  ;  which  will  be  found  to  exceed  20 
feconds,  if  the  velocity  of  light  be  to  the  velocity  of  the  earth 
as  8000  to  1  :  and  this  ftar  will  in  appearance  defcribe  a  fmall 
circle  round  the  pole  of  the  ecliptic  at  a  diftance  from  it  of 
about  20".  In  other  cafes,  the  ftar  will  appear' to  defcribe  a 
fmall  ellipfts  having  its  centre  in  the  true  place  of  the  ftar, 
(/.  e .  the  place  where  it  would  appear  if  the  earth  was  at  reft) 
its  tranfverfe  axis  parallel  to  the  ecliptic,  and  its  fecond  axis 
perpendicular  to  it  ;  the  former  of  which  gives  its  greateft 
aberration  in  longitude,  and  the  latter  it  greateft  aberration 
in  latitude.  If  the  ftar  be  in  the  plane  of  the  ecliptic,  the 
aberration  then  is  only  in  longitude.  In  this  cafe,  if  the 
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rays  from  the  ftar  touch  the  earth’s  orbit  in  c  and  h,  and  be 
perpendicular  to  it  in  a  and  b,  the  motion  of  the  earth,  at  g 
and*  h,  being  in  the  direction  of  the  ray,  the  ftar  will  appear 
in  its  true  place,  and  there  will  be  no  aberration  at  thofe  points ; 
but  the  aberration  in  longitude  will  be  greateft  at  a  and  b. 
He  has  explained  all  the  appearances  of  the  ftars  obferved  by 
Mr.  Molyneux  and  himfelf,  in  this  manner  ;  and  tho’  he  has 
not  difcovered  any  parallax  by  thefe  obfervations,  he  has  pro¬ 
duced  from  them  a  new  argument  for  the  motion  of  the  earth, 
by  a  feries  of  obfervations  made  on  different  ftars  in  different 
places.  He  finds  ground  to  conclude  from  thefe,  that  the  pa¬ 
rallax  of  the  fixed  ftars  can  hardly  exceed  one  fecond  ;  from 
which  their  diftance  ought  to  be  400,000  greater  than  the  dif- 
tance  of  the  fun.  The  true  motions  in  the  fyftem  being 
eftablifhed,  we  may  now  proceed  fafely  with  our  analyfis. 

9.  Each  of  the  primary  planets  bend  their  way  about  the 
centre  of  the  fun,  and  are  accelerated  in  their  motion  as  they 
approach  to  him,  and  retarded  as  they  recede  from  him  j  fo 
that  a  ray  drawn  from  any  one  of  them  to  the  fun  always  de- 
fcribes  equal  fpaces,  or  areas,  in  equal  times :  from  which  it 
follows,  as  in  Chap.  2.  §  5,  6,  7.  that  the  power  which  bends 
their  way  into  a  curve  line  muft  be  directed  to  the  fun.  This 
power  always  varies  in  the  fame  manner  as  the  gravity  of  the 
moon  towards  the  earth.  The  fame  reafoning  by  which  the 
gravity  of  the  moon  towards  the  earth  at  her  greateft  and 
fc-aft  diftances  were  compared  together,  in  Chap.  2.  §  8,  9, 
10.  may  be  applied  in  comparing  the  powers  which  aft  on  any 
primary  planet,  at  its  greateft  and  leaft  diftances  from  the  fiin  j 
and  it  will  appear,  that  thele  powers  increale  as  the  Iquare  of 
the  diftance  from  the  fun  decreafes.  Our  author  {hews  this 
generally,  from  the  nature  of  the  elliptic  curve  in  which  each 
planet  moves. 


10.  But 


Chap.  3.  PHILOSOPHICAL  DISCOVERIES.  267 

j  '  .  I  ,  t  "  •  .....  ; .  \  ...  .  ,  .  ..... 

10.  But  the  univerfality  of  this  law,  and  the  uniformity  of 
nature,  ftill  farther  appears  by  comparing  the  motions  of  the 
different  planets.  The  power  which  a&s  on  a  planet  that  is 
nearer  the  fun  is  manifeftly  greater  than  that  which  ads  on  a 
planet  more  remote  ;  both  hecaufe  it  moves  with  more  velo¬ 
city,  and  becaufe  it  moves  in  a  leffer  orbit,  which  has  more 
curvature,  and  feparates  farther  from  its  tangent,  in  arcs  of  the 
fame  length,  than  a  greater  orbit.  By  comparing  the  motions 
of  the  planets,  it  is  found  that  the  velocity  of  a  nearer  planet 
is  greater  than  the  velocity  of  one  more  remote,  in  proportion 
as  the  fquare  root  of  the  number  which  expreffes  the  greater 
diftance  to  the  fquare  root  of  that  which  expreffes  the  leffer 
diftance  ;  fo  that  if  one  planet  was  four  times  farther  from  the 
fun  than  another  planet,  the  velocity  of  the  hrft  would  be  half 
the  velocity  of  the  latter,  and  the  nearer  planet  would  defcribe 
an  arc  in  one  minute,  equal  to  the  arc  defcribed  by  the  higher 
planet  in  two  minutes  :  and  tho’  the  curvature  of  the  orbits 
was  the  fame,  the  nearer  planet  would  fall  by  its  gravity  as 
much  in  one  minute  as  the  other  would  fall  in  two,  and  there¬ 
fore  the  nearer  planet  would  defcribe  by  it  gravity  four  times  as 
much  fpace  as  the  other  would  defcribe  in  the  fame  time,  by 
the  law  of  motion  of  falling  bodies  fo  often  mentioned  ;  the 
gravity  of  the  nearer  planet  would  therefore  appear  to  be  qua¬ 
druple,  from  the  confideration  of  its  greater  velocity  only. 
But  befides,  as  the  radius  of  the  leffer  orbit  is  fuppofed  to  be 
four  times  lefs  than  the  radius  of  the  other,  the  leffer  orbit  muff 
be  four  times  more  curve,  and  the  extremity  of  a  fmall  arc  of  the 
fame  length  will  be  four  times  farther  below  the  tangent  drawn 
at  the  other  extremity  in  the  leffer  orbit  than  in  the  greater  ; 
fo  that,  tho’  the  velocities  were  equal,  the  gravity  of  the  nearer 
planet  would,  on  this  account  only,  be  found  to  be  quadruple. 

r  Mm2  Oft 
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On  both  thefe  accounts  together,  the  greater  velocity  of  the 
nearer  planet,  and  the  greater  curvature  of  its  orbit,  its  gra¬ 
vity  towards  the  fun  mull:  be  fuppofed  fixteen  times  greater, 
tho’  its  diftance  from  the  fun  is  only  four  times  lefs  than  that 
of  the  other  ;  that  is,  when  the  diftances  are  as  i  to  4,  the 
Gravities  are  reciprocally  as  the  fquares  of  thefe  numbers  or  as 
16  to  1.  In  the  fame  manner,  by  comparing  the  motions  of 
all  the  planets,  it  is  found  that  their  gravities  decreafe  as  the 
fquares  of  their  diftances  from  the  fun  increafe. 

1 1 .  Thus,  by  comparing  the  motions  of  any  one  planet  in 
the  different  parts  of  its  elliptic  orbit,  and  the  motions  of  the 
different  planets  in  their  different  orbits,  it  appears  that  there 
is  a  power  like  the  gravity  of  heavy  bodies  fo  well  known  to 
us  on  the  earth,  extending  from  the  fun  to  all  diftances,  and 
conftantly  decrealing  as  the  fquares  of  thefe  diftances  increafe. 
If  any  one  planet  defcended  to  the  diftance  of  another,  it 
would  be  acfted  on  in  the  fame  manner,  and  by  the  fame 
power,  as  that  other  :  and  as  gravity  preferves  the  fubftance  of 
the  earth  together,  and  hinders  its  loofer  parts  from  being  dif- 
fipated  by  its  various  motions  ;  fo  a  like  power,  -acting  at  the 
furface  of  the  fun,  and  within  its  body,  keeps  its  parts  to¬ 
gether  and  preferves  its  figure,  notwithftanding  its  rotation  on 

its  axis. 

12.  In  the  fame  manner  as  this  principle  governs  the  mo¬ 
tions  of  the  planets  in  the  great  folar  fyftem,  it  governs  alfo 
the  motions  of  the  fatellites  in  the  leffer  fy Items  of  which  the 
greater  is  compofed.  There  is  the  fame  harmony  in  their  mo¬ 
tions  compared  with  their  diftances,  as  in  the  great  fyftem : 
we  fee  Jupiter  s  fatellites  bending  their  way  round  him,  and 
falling  every  moment  from  the  lines  that  are  the  dire&ions  of 
their  motions,  or  the  tangents  of  their  orbits,  towards  him  ; 

2  each 
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each  defcribing  equal  areas  in  equal  times  by  a  ray  drawn  to 
his  centre,  to  which  their  gravity  is  therefore  direded.  The 
nearer  fatellites  move  with  greater  celerity,  in  the  fame  pro¬ 
portion  as  the  nearer  primary  planets  move  more  fwiftly  round 
the  fun,  and  their  gravity,  therefore,  varies  according  to  the 
fame  law.  The  feme  is  to  be  faid  of  Saturn  s  fatellites. 
There  is,  therefore,  a  power  that  preferves  the  fubftance  of  thefe 
planets  in  their  various  motions,  ads  at  their  furfaces,  and  is 
extended  around  them,  decreaftng  in  the  fame  manner  as  that 
which  is  extended  from  the  earth  and  fun  to  all  diftances. 

13.  Thefe  fecondary  planets  muft  alfo  gravitate  towards 
the  fun.  It  is  impoflible  they  fhould  move  fo  regularly  round 
their  refpedive  primaries,  if  they  were  not  aded  on  bv  the 
feme  powers.  If  we  fuppoie  them  to  be  adcd  on  by  the  feme 
accelerating  power  in  parallel  lines,  there  will  no  diforder  or 
perplexity  arife  from  thence  \  for  they  will  then  accompany 
their  primary  planets  in  their  motions  round  the  fun,  and  move 
about  them  at  the  feme  time,  with  the  fame  regularity  as  if 
their  primary  planets  were  at  reft.  It  will  be  as  in  a  fhip,  or 
in  any  fpace  carried  uniformly  forward  :  in  wmch  the  mutual 
adions  of  bodies  are  the  fame  as  if  the  fpace  was  at  reft,  being 
no  way  affeded  by  that  motion  which  is  common  to  all  the 
bodies.  As  every  projedile,  while  it  moves  in  the  air,  gra¬ 
vitates  towards  the  fun,  and  is  carried  along  witn  the  earth 
about  the  fun,  while  its  own  motion  m  its  curve  is  as  icgulai 
as  if  the  earth  was  at  reft ;  fo  the  moon,  which  we  have  {hewed 
to  be  only  a  greater  projedile,  muft  gravitate  toward  the  fun* 
and,  while  it  is  carried  along  with  the  earth  about  the  fun,  is 
not  hindered  by  that  motion  from  performing  its  monthly  re^ 
volutions  round  the  earth.  Jupiter  s  fatellites  giavitate  toward 
the  fan  as  every  part  of  Jupiter  s  body,  and  Saturn  s  fatellites 

gravitate  toward  the  fun  as.  if  they  were  parts  of  Saturn . 
B  '  Thus 
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Thus  the  motions  in  the  great  folar  fyftem,  and  in  the  lefier 
particular  fyftems  of  each  planet,  are  confiftent  with  each 
other,  and  are  carried  on  with  a  regular  harmony  without  any 
confufion,  or  mutually  interfering  with  one  another,  but  what 
neceffarily  arifes  from  fmall  inequalities  in  the  gravities  of  pri¬ 
mary  and  fecondary  planets,  and  the  want  of  exad  parallelifm 
in  the  diredions  of  thofe  gravities  ;  of  which  we  are  to  treat 
afterwards. 

14.  Nor  is  there  any  body  that  comes,  tho’  rarely  and  as  a 
ftranger,  into  the  lower  parts  of  our  fyftem,  exempted  from 
this  univerfal  gravitation  toward  the  fun.  When  a  comet  ap¬ 
pears,  we  fee  the  effed  of  the  fame  power  ading  on  it  ;  fince 
it  defcends  with  an  accelerated  motion  as  it  approaches  the  fun, 
and  afcends  with  a  retarded  motion,  bending  its  way  about 
the  fun,  and  defcribing  equal  areas  in  equal  times  by  a  ray 
drawn  from  it  to  his  centre.  This  power  that  ads  on  the 
comets  varies  according  to  the  fame  law  as  the  gravity  of  the 
planets,  as  appears  from  their  defcribing  either  parabolas* ,  or 
very  eccentric  ellipfes  having  one  of  their  foci  in  the  centre  of 
the  fun  :  our  author  having  demonftrated,  that  the  power 
which  makes  a  body  defcribe  a  parabola  about  its  focus,  muft 
likewife  vary  according  to  the  law  fo  often  mentioned.  If  a 
body  was  projeded  from  our  earth  in  a  line  perpendicular  to 
the  horizon,  with  a  certain  force,  (viz,  that  which  would 
carry  it  over  about  420  miles  with  an  uniform  motion  in  a  mi¬ 
nute),  it  would  rife  in  that  line  for  ever  and  return  to  the  earth 
no  more.  Its  gravity  would,  indeed,  retard  its  motion  con¬ 
tinually,  but  never  be  able  to  exhauft  it,  the  force  of  gravity 
upon  it  decreafing  as  it  rifes  to  a  greater  height.  If  the  body 
was  projeded  with  the  fame  force  in  any  other  diredion,  it 
would  go  off  in  a  parabola  having  its  focus  in  the  centre  of  the 
earth,  and  never  return  to  the  earth  again.  A  force  a  little 

lefs 

*  Princip .  Lib.  III.  Prop.  40. 
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lefs  would  make  it  move  in  a  very  eccentric  ellipfis,  in  which 
it  would  return  after  a  long  period  to  its  firft  place  ;  if  it  was 
not  diverted  in  its  courfe  by  approaching  too  near  to  fome  ce- 
leftial  body.  In  the  fame  manner,  a.  planet  projected  with  a 
certain  force  would  go  off  for  ever  in  a  parabolic  curve  having 
the  fun  in  its  focus ;  and  if  it  was  projected  with  a  force  a  little 
lefs  would  revolve  in  a  very  eccentric  ellipfis  having  its  focus  in 
the  fun.  All  thefe  motions,  therefore,  proceed  from  the  fapie 
principle,  acting  in  a  various  but  moft  regular  manner  in  dif¬ 
ferent  circumftances,  and  are  all  analogous  to  the  motions  ot 
heavy  bodies  projected  from  our  earth.  Effects  fo  fimilar  are 
to  be  refolved  into  the  fame  caufe,  and  there  is  hardly  more 
evidence  for  fuppofmg  that  it  is  the  fame  power  of  gravity  that 
affs  upon  terreftrial  bodies  in  Europe  and  in  America ,  at  the  , 
equator  and  at  the  poles,  than  that  it  is  the  fame  principle 
which  ads  over  the  whole  fyftem,  from  the  centre,  of  the  fun 
to  the  remote  orb  of  Saturn ,  or  to  the  utmoft  altitude  ot  the 

moft  eccentric  comet. 

'  15.  From  feveral  phenomena  we  have  reafon  to  conclude, 

tint  there  is  an  atmofphere  environing  the  fun  and  extended 
from  it  to  a  confiderable  diftance.  The  ring  of  light  obferved 
around  the  moon,  in  a  total  eclipfe  of  the  fun,  in  1605, 
mentioned  by  Kepler,  and  of  late  in  1706  and  1724,  when 
it  was  obferved  to  extend  to  9  or  10  degrees  diftance  from  the 
moon,  feems  rather  to  have  proceeded  from  the  reflexion  oi 
that  atmofphere,  while  the  folar  direct  rays  were  intercepted 
by  the  moon,  than  from  the  refraction  of  any  atmofphere  about 
the  moon.  The  matter  of  this  atmofphere  appears  to  gravitate 
towards  the  fun,  from  the  effect  it  has  upon  the  vapour  which 
arifes  in  the  tails  of  comets  from  their  Nucleus  and  atmofphere, 
with  a  direction  oppofite  to  that  of  their  gravity  towards  the 
fun.  For  this  vapour,  being  highly  ratified,  feems  to  anle 
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with  this  direction  in  confequence  of  the  greater  gravity  of  the 
folar  atmofphere  towards  the  fun  ;  in  the  fame  manner  as  a 
column  of  vapour  rifes  in  the  air,  in  confequence  of  the  air’s 
greater  gravity  towards  the  earth  ;  the  rather  that  this  vapour 
rifes  with  more  rapidity,  as  well  as  in  greater  plenty,  in  pro¬ 
portion  as  the  comet  is  nearer  the  fun.  Thus  there  is  no  fort 
of  matter  in  the  folar  fyftem  but  what  we  have  ground  to 
conclude  gravitates  towards  the  fan. 

16.  As  to  the  fixed  ftars,  they  are  removed  to  fuch  an  im¬ 
mense  difiance,  that  their  gravity  toward  the  fun  can  have  no 
fenfible  effect  upon  them  in  many  ages,  and  cannot  appear  to 
us  by  the  phenomena.  The  power  of  gravity  decreafes  in  pro¬ 
portion  as  the  fquare  of  the  diftance  increafes  ;  the  neareft 
fixed  fiar  feems  to  be  feveral  hundred  thoufand  times  farther 
diftant  from  us  than  the  earth  is  from  the  fun ;  and  therefore 
their  gravity  niuft  be  fame  1 00000  x  100000  times  lefs  than 
the  gravity  of  the  earth  toward  the  fun.  It  it  not  therefore 
from  phenomena,  but  from  analogy  only,  that  we  can  extend 
the  power  of  gravity  to  the  fixed  ftars.  There  is  no  influence  • 
but  their  light  only  which  is  able  to  traverfe  that  vaft  abyfs  of 
fpace  that  is  between  us  and  them,  fo  as  to  have  any  fenfible 
effecfi.  However,  as  their  light  is  every  way  the  fame  as  that 
of  our  fun,  our  author  thinks  the  argument  from  analogy  may 
have  its  weight  in  this  cafe.  If  they  alfo  gravitate  toward  the 
fun,  and  toward  each  other,  then  we  may  fuppofe  that  the 
unfathomable  void  that  intervenes  between  the  fyftems  of  which 
they  are  probably  the  centres,  as  the  fun  is  of  our  fyftem, 
may  ferve  to  hinder  them  from  difturbing  each  others  motions, 
and  from  coming  together  into  one  vaft  unformed  mafs  of 
matter.  It  will  not  feem  ftrange  that  where  the  fun  itfelf  is 
fcarcely  vifible,  the  gravity  toward  it  fhould  be  infenfible  ; 

and 
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and  that  we  fhould  here  find  no  effects  of  any  gravitation  to¬ 
ward  the  fixed  ftars. 

17,  As  aStion  and  reaSlion  are  always  equal  and  in  oppofite 
directions,  fo  that  the  earth,  for  example,  gravitates  toward 
every  mountain  as  well  as  every  mountain  toward  the  earth, 
and  gravitates  toward  every  projectile  while  it  is  moving  in  the 
air,  as  well  as  the  projeCtile  gravitates  towards  it ;  and  without 
this  law  nothing  would  be  fteady  or  conftant  in  nature  :  hence 
it  follows,  that  the  fun  gravitates  toward  all  the  bodies  in  the 
fyftem,  and  that  the  primary  planets  gravitate  toward  their  fa- 
tellites.  The  primary  planets  alfo  gravitate  toward  one  ano¬ 
ther  ;  fome  minute  irregularities  in  their  motions,  efpecially  in 
thofe  of  'Jupiter  and  Saturn ,  the  two  greateft  planets,  when 
they  are  in  conjunction  and  come  neareft  to  each  other,  are 
evidences  of  this.  The  motions  of  the  fatellites  of  Jupiter 
and  Saturn  are  alfo  faid  to  be  fubjeCt  to  irregularities  that  pro¬ 
ceed  from  their  mutual  a&ions.  From  fo  many  indications  we 
may  at  length  conclude,  that  all  the  bodies  in  the  folar  fyftem 
gravitate  toward  each  other  ;  and  tho’  we  cannot  confider  gra¬ 
vitation  as  eftential  to  matter,  we  muft  allow  that  we  have  as 
much  evidence,  from  the  phenomena,  for  its  univerfality,  as 
for  that  of  any  other  affeCtion  of  bodies  whatfoever. 


N  n  C  I  I  A  P. 
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CHAP.  IV. 


Of  the  general  gravitation  of  matter . 

j,  Jf  YItherto  we  have  confidered  only  the  accelerating  force 
H  of  gravity  at  different  diftances,  to  which  the  velocity 
venerated  by  it,  in  a  given  time,  is  always  proportional.  It 
remains  to  fhew  that  the  motion  produced  by  this  power,  at 
equal  diftances  from  a  given  centre,  is  always  proportional  .to 
the  quantity  of  matter  in  the  heavy  body  ;  that  the  gravity 
of  bodies  arifes  from  the  mutual  gravitation  of  their  parts ;  and 
to  afcertain  the  law  of  the  gravitation  of  the  particles  of  bodies. 
It  is  allowed  as  to  terreftrial  bodies,  and  was  confirmed  from 
many  accurate  experiments  by  Sir  Ifaac  Newton ,  that  bodies 
of  the  fame  bulk  and  figure,  tho’  of  very  different  kinds, 
fufpended  by  lines  of  the  fame  length,  performed  their  vibrations, 
when  moving  as  pendulums,  exactly  in  the  fame  time  ;  from 
which  it  follows,  that  the  force  of  their  gravity  is  exactly  pro¬ 
portional  to  their  quantity  of  matter  :  nor  would  there  be  any 
difference  in  the  times  of  their  vibrations  tho’  their  figure  and 
bulk  were  different-,  the  diftances  between  their  centres  of  fuf- 
penfion  and  of  ofcillation  being  equal,  if  it  was  not  for  there- 
fiftance  of  the  air.  It  has  been  already  fhewed,  that  the  moon 
would  fall  toward  the  earth  with  the  fame  velocity  as  any  other 
heavy*  body,  if  fhe  was  at  the  fame  diftance  from  its  centre  ; 
and  it  is  plain  that  the  forces  of  bodies  moved  with  equal  ve¬ 
locities  are  as  their  quantities  of  matter  :  fo  that  the  weight  of 
the  moon  would  be  to  the  weight  of  any  heavy  Dody  at  the  fame 
diftance  from  the  centre  of  the  earth,  in  the  fame  proportion  as 
the  matter  of  the  moon  is  to  the  matter  of  that  heavy  body. 

i  The 
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The  primary  planets  are  aCted  on  varioufly  in  their  different 
diftances,  but  according  to  the  law  which  fhews  that  if  they 
were  at  equal  diftances  they  would  delcend  with  equal  veloci¬ 
ties  toward  the  fun,  fo  that  their  motion  would  be  proportional 
to  their  quantity  of  matter.  In  the  fame  manner  it  appears, 
that  if  the  fatellites  of  Jupiter  and  Saturn  were  at  equal  dif¬ 
tances  from  the  centres  of  their  refpeCtive  primary  planets,  they 
would  defcend  towards  them  with  equal  velocities.  The  earth 
and  moon,  at  equal  difiances  from  the  fun,  are  aCted  upon  by 
equal  accelerating  forces,  and  would  defcend  with  equal  velo¬ 
cities  toward  it.  Jupiter  and  his  fatellites  would  defcend  with 
the  fame  velocity  toward  the  fun,  if  their  projectile  motions 
were  deftroyed.  The  fame  is  to  be  faid  of  Saturn  and  his  fa¬ 
tellites.  A  very  fmall  inequality  in  the  accelerating  forces  that 
act  upon  the  primary  planet  and  its  fatellites  would  produce 
very  great  irregularities  in  their  motion.  In  all  thefe  cafes, 
equal  velocities  being  generated  in  equal  times,  the  motions  of 
the  bodies,  and  confequently  the  gravities  that  produce  thefe 
motions,  muft  be  proportional  to  the  quantities  of  matter  in 
the  bodies  ;  from  which  it  follows,  that  all  equal  portions  of 
matter,  at  equal  diftances  from  the  centre  of  gravitation,  are 
equally  heavy  ;  without  regard  to  figure,  bulk,  or  the  texture  of 
their  parts :  arid  that  the  gravitation  of  bodies  arifes  from  the 
gravitation  of  the  particles  of  which  they  are  compofed. 

2.  Becaufe  aElion  is  always  equal  to  reaSiion ,  if  you  ftill 
iuppofe  the  planets  at  equal  diftances  from  the  fun,  and  there¬ 
fore  gravitating  toward  the  fun  with  forces  proportional  to  their 
quantities  of  matter,  the  fun  will  gravitate  towards  each  of  the 
planets  with  forces  in  the  fame  proportion.  In  general,  the  fame 
body  gravitates  towards  any  other  bodies,  at  equal  diftances  from 
them,  with  forces  proportional  to  their  quantities  of  matter  ; 
becaufe  it  gravitates  toward  them  with  the  fame  lorces  with. 

N  n  2  which 
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which  they  gravitate  towards  it,  which  are  as  their  quantities 
of  matter.  The  power,  therefore,  that  is  extended  from  the 
centre  of  the  fun  and  of  each  of  the  planets,  to  all  diftanees 
around  them,  is,  at  equal  diftanees  from  their  centres,  propor¬ 
tional  to  their  quantities  of  matter  :  and,  in  general,  it  appears 
that  the  weight  or  gravity  of  a  body  is  the  greater,  in  proportion 
as  its  quantity  of  matter  is  greater,  as  the  quantity  of  matter 
in  the  body  to  which  it  gravitates  is  greater,  and  as  the  fquare 
of  the  diftance  from  it  is  lefs.  By  compounding  thefe  three, 
proportions  together,  the  weight,  and  motion,  of  bodies,  arifing 
from  their  gravitation,  may  always  be  determined, 

3.  Gravity  being  found,  by  fo  many  experiments  and  obfer- 
vations,  to  affedt  all  the  matter  of  bodies  equally,  we  have 
hence  more  reafon  ftill  to  conclude  its  univerfality  ;  fince  it  ap¬ 
pears  to  be  a  power  that  adh  not  only  at  the  furfaces  of  bodies-, 
and  on  fuch  bodies  as  are  removed  at  a  diftance  from  them, 
but  to  penetrate  into  their  fubftance,  and  into  that  of  all  other 
bodies,  even  to  their  centres ;  to  affedt  their  internal  parts  with 
the  fame  force  as  the  external,  to  be  obftrudted  in  its  adtion 
by  no  intervening  body  or  obftacle  ;  and  to  admit  of  no  kind, 
of  variation  in  the  fame  matter,  but  from  its  different  diftanees 
only  from  that  to  which  it  gravitates. 

4,  The  adtion  of  gravity  on  bodies  arifes  from  its  adtion  on 
their  parts,  and  is  the  aggregate  of  thefe  adtions  ;  fo  that  the 
gravitation  of  bodies  muft  arife  from  the  gravity  of  all  their 
particles  towards  each  other.  The  weight  of  a  body  toward 
the  earth  arifes  from  the  gravity  of  the  parts  of  the  body  :  the 
gravity  of  a  mountain  toward  the  earth  arifes  from  the  gravi¬ 
tation  of  all  the  parts  of  the  mountain  towards  it.  The  gravi¬ 
tation  of  the  northern  hemifphere  toward  the  fouthern  arifes 
from  the  gravitation  of  all  its  parts  towards  it ;  and  ifvve  fuppofe 
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the  earth  divided  into  two  unequal  fegments,  the  gravitation  of 
the  greater  toward  the  leffer  arifes  from  the  gravitation  of  all  the 
parts  of  the  greater  toward  the  leffer.  In  the  fame  manner,  the 
gravity  of  the  whole  earth,  one  particle  being  excepted,  toward 
that  particle,  muff  arife  from  the  quantity,  of  gravitation  of  all 
the  other  particles  of  the  earth  toward  that  particle.  Every  par¬ 
ticle,  therefore,  of  the  earth  gravitates  toward  every  other  par- 
ticle'of  it ;  and,  for  the  fame  reafon,  every  particle  of  matter  in 
the  folar  fyftem  gravitates  toward  every  other  particle  in  it. 

c  We  now  proceed  to  an.  -important  part  of  this  doCtrine, 
to  determine  the  law  according  to  which  the  particles  of  bodies 
gravitate  towards  each  other  ;  after  having  difcovered  the  law 
which  is  obferved  by  bodies  compofed  of  thofe  particles.  To 
a  fuperficial  enquirer,  at  firft  fight,  the  former  might  poffibly 
appear  to  be  neceffarily  the  fame  with  the  latter  :  but  it  is  eafily 
Ihewn,  that  the  law  which:  is  obferved  in  the  attractions  of  the 
minute  particles  of  matter  is  often  very  different  from  that 
which  is  obferved  by  fpheres  compofed  of  fucli  particles.  It, 
for  example,  the  gravitation  of  the  particles  decreafe  in  the 
fame  proportion  as  the  cubes  of  their  diftances  increafe,  or  in 
any  higher  proportion,  the  fpheres  compofed  of  fuch  par¬ 
ticles  will  not  gravitate  towards  each  other  with  forces  that  de¬ 
creafe  in  the  fame  proportion  as  the  cubes  of  the  diftances  of 
their  centres  increafe,  or  in  that  higner  proportion  ;  for  fpheies 
in  contact  {hall  attract  each  other,,  in  thofe  cafes,  with  a  -force 
infinitely  greater  than  when  they  are  removed  to  the  leaft  dis¬ 
tance  from  contaCt,  tho’  there  be  very  little  difference  betwixt 
the  diftances  of  their  centres  in  thofe  two  cafes.  This  made  it 
neceffary  for  Sir  Ifaac  Neman  to  treat  of  this  fubje&  fully  ;  and 
as  it  is  a  very  ufeful  part  of  the  theory  of  gravity,  but  not  to  be 

underftood,  as  he  has  delivered  it,  without  a  profound  toll  in 

geometry 
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geometry  and  prolix  computations,  we  fhall  endeavour  to  de- 
fcribe  it  in  a  more  eafy  manner,  by  chufing  (as  on  other  oc- 
cafions)  the  moil  fimple  cafes.  Suppofe,  firft,  that  the  gravi¬ 
tation  towards  any  particle  decreafes  in  the  fame  proportion  that 
the  fquare  of  the  diltance  from  it  increafes,  let  p  a  e  #,  p  b  f  b 
{Fig.  59.)  be  fimilar  cones  confiding  of  fuch  particles,  termi¬ 
nated  by  fpherical  bafes  a  e  <7,  b  f  b  that  have  their  centre  in  p; 
and  the  gravitation  at  p  towards  the  folid  pae^,  will  be  to  the 
gravitation  at  p  towards  pbf^  as  p  a  to  p  b,  or  in  the  fame 
ratio  as  any  homologous  tides  of  thefe  fimilar  folids.  For  let 
m  N  m  be  any  furface  fimilar  to  ae  <2,  having  its  centre  likewife 
in  p  ;  and  the  gravitation  towards  the  furface  ae  a  will  be  to  that 
towards  m  n;/;,  in  the  ratio  compounded  of  the  direCt  ratio  of  the 
furface  aeu  to  mn*»  (or  pa2  to  pm2)  and  of  the  inverfe  ratio 
of  pa2  to  pm2,  that  is,  in  the  ratio  of  equality  ;  confequently, 
the  gravitation  towards  the  furface  AEa  a  being  reprefen  ted  by  a, 
the  gravitation  towards  the  folid  pae^z  will  be  reprefen  ted  by 
ax  pa,  and  that  towards  the  fimilar  folid  pbf^  by  axpb,  which 
are  in  the  ratio  of  pa  to  pb.  In  the  fame  manner,  the  gra¬ 
vitation  towards  the  fruftum  that  is  bounded  by  the  furfaces 
a  e  a ,  m  n  is  reprefented  by  a  x  a  m.  It  is  evident,  likewife, 
that  tho’  the  furfaces  ae  a  and  m  n  m  be  of  any  other  form, 
yet  the  ultimate  ratio  of  the  gravitations  at  p  towards  the  conical 
or  pyramidical  folids  p  ae  <2,  pmn  m ,  is  that  of  pa  to  pm; 
and  that  if  a  cl  and  m  q  be  perpendicular  to  p  h  in  cl  and  y, 
thefe  forces  reduced  to  the  direction  p  h  will  be  ultimately  in  the 
ratio  of  PQ_to  ?q.  Whence  it  appears,  that,  if  p  b  be  equal 
to  b  a,  the  attraction  of  the  particle  p  by  the  cone  pb^,  with 
which  the  particle  is  in  contact,  will  be  equal  to  the  attraction 
of  the  fruftum  of  the  cone  terminated  by  the  furfaces  a  e  #, 
n  ’F  bj  when  the  attraction  of  the  particles  is  fuppofed  to  in- 
creafe  as  the  fquare  of  the  diftance  decreafes ;  and  that,  in  this 
cafe,  the  attraction  of  a  portion  of  matter  is  not  much  greater 

when 
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when  it  is  in  contact  with  the  particle  attracted,  than  when  it  is 
removed  to  a  fmall  diftance  from  it. 

6  But  it  is  otherwife  when  we  fuppofe  the  attradion  of  the 
particles  to  decreafe  as  the  cubes  of  their  diftances  xncreafe. 
For  in  this  cafe,  the  particle  p  will  tend  to  the  furface  m  n  m 
with  a  force  that  is  as  the  furface,  or  the  fquare  of  p  m  directly, 
and  the  cube  of  pm  inverfely ;  that  is,  with  a  force  whic  1  is 
as  p  m  inverfely,  or  diredly  as  m  v  the  ordinate  of  the  equi¬ 
lateral  hyperbola  kvi,  deferibed  between  the  affymptotes  p  a 
and  ph.  Therefore  the  attraction  of  the  fruftum  m  n  m  a  e -.a 
will  be  meafured  by  the  hyperbolic  area  mvi  a  bounded  by 
the  ordinates  at  a  and  m  ;  and  the  attraction  of  the  cone  p  m 
n  i m,  by  the  infinite  hyperbolic  area  that  is  conceived  to  be 
formed  betwixt  the  ordinate  m  V  and  the  affymptote  p  h.  It 
follows  then,  that,  if  fuch  a  law  could  take  place,  the  partic  e 
p  would  tend  towards  the  leaft  portion  of  matter  m  contad 
with  it,  with  a  greater  force  than  towards  the  greateft  body  at 
any  diftance,  how  fmall  foever,  from  it.  The  fame  is  eafily  fhewn 
when  the  attradion  of  the  particles  decreafes  as  any  powers  of 
the  diftances,  higher  than  their  cubes,  mcreafe.  It  appears, 
therefore,  that  the  attradion  of  a  particle  in  contad  with  a 
bodv  is  not  fenfibly  increafed  by  the  addition  or  diminution  or 
new  matter,  at  any  diftance,  how  fmall  foever,  from  the  contad  ; 
whether  this  addition  or  diminution  be  made  to  the  body  01 
particle  -  and,  in  fuch  cafes,  the  lefs  the  particle  is,  the  mo¬ 
tions  produced  in  it  at  infinitely  fmall  diftances,  by  fuch  at- 
tradions,  muft  be  the  more  violent  ;  becaufe  the  fame  foice 
adins  on  a  particle  generates  a  velocity  m  it  tnat  is  always 
greater  in  proportion  as  the  particle  itfelf  is  lefs. 

•  U  1 

7  The  fame  things  may  be  demonftrated  without  having 
recourfe  to  the  property  of  the  hyperbolic  area.  Let  p  a  (%.  609 
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be  to  p  b,  as  f  b  to  f  d  ;  let  a  b  and  bb  be  conceived  to  be  di¬ 
vided  into  an  infinite  number  of  fimilar  equal  parts  a  k,  kl, 
&c.  and  b?u,  tn  n ,  6cc  ;  then  a  k  will  be  to  b  m  as  ab  to  bd, 
and  the  matter  between  the  furfaces  whofe  radii  are  p  a  and  p  k> 
fhall  be  to  the  matter  between  the  furfaces  whofe  radii  are  p  b 
and  p  m>  as  p  a  2  x  a  ^  to  fb2xb;^j  that  is,  as  pa3  to  Pb3.  The 
attractive  powers  of  equal  particles  placed  betwixt  the  fur¬ 
faces  of  the  radii  P  a  and  P  k>  and  the  furfaces  of  the  radii 
p  b  and  P  7H)  are  in  the  inverfe  proportion,  or  as  P  b  3  to  pa3, 
■by  the  fuppofition  ;  and  thefe  two  proportions  compounded 
■together  give  a  ratio  of  equality.  Therefore,  becaufe  the 
attractive  powers  of  the  matter  bounded  by  two  fuch  fur¬ 
faces  are  in  the  compound  ratio  of  the  attractions  of  equal 
particles,  and  of  the  number  of  particles,  it  follows  that  the 
attraction  of  the  matter  contained  by  the  furfaces  of  the  radii 
p  a  and  ?  k  muft  be  equal  to  the  attraction  of  the  matter  con¬ 
tained  by  the  furfaces  of  the  radii  P  b  and  p  m.  In  the 
fame  manner  the  attraction  of  the  matter  contained  by 
the  furfaces  whofe  radii  are  P  k  and  P  /,  is  equal  to  the  at¬ 
traction  of  the  matter  between  the  furfaces  whole  radii  are 
p  m  and  P  n  ;  and  the  attraction  of  the  fruftum  ae^bf^ 
is  equal  to  the  attraction  of  the  fruftum  b  f  b  d  g  d.  In  the 
fame  manner,  if  P  b  be  to  p  d,  as  pd  to  ph,  the  attraction  of 
the  fruftum  dg^/hr/ji  appears  to  be  equal  to  the  attraction  of 
the  fruftum  /e#bf^;  and  if  this  feries  of  decreafins:  geome- 

3  .  O  O 

trical  proportionals  be  continued,  the  attraction  of  the  fruftum 
contained  by  furfaces  whofe  radii  are  any  two  fubfequent  terms 
of  the  progreftion,  muft  be  equal  to  the,  attraction  of  the 
firft  fruftum  ae^bf^  But  in  this  decreafing  progreftion  con¬ 
tinued  from  pb  the  number  of  terms  is  infinite;  and  in  the 
folid  p,b  f  b  there  is  an  infinite  number  of  fruftums,  the  attraction 
of  each  of  which  is  equal  to  the  attraction  of  the  firft  fruftum 
terminated  by  the  furfaces  ae  a>  j  therefore  the  attraction 

~  ?  of 
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of  the  folid  b  f  b,  which  is  in  contad  with  the  particle  p,  is 
infinitely  greater  than  the  attraction  of  the  fruftum  bounded 
by  the  furfaces  a  e  a,  bf^,  which  is  the  greater  folid,  but  is 
removed  from  the  contad  of  the  particle  p.  We  have  taken 
this  opportunity  to  illuftrate  and  demonftrate  this  theorem..here, 
becaufe  it  will  be  of  ufe  to  us  afterwards,  and  ferves  to  fhew 
the  advantages  of  the  law  of  gravity  which  takes  place  in  the 
folar  fyftem  above  other  laws  ;  tho’  thefe,  on  other  occafions, 

may  be  preferable. 

8_  The  gravitation  of  the  particles  being  fuppofed  to  de- 
creafe  as  the  fquares  of  their  diftances  increafe,  the  forces  with 
which  particles,  fimilarly  fituated  with  refped  to  fimi- 
lar  homogeneous  folids,  gravitate  towards  thefe  folids,  are  as 
their  diftances  from  any  points  fimilarly  fituated  in  the  iolids, 
or  as  any  of  their  homologous  fides.  For  fuch  folids  may  be 
conceived  to  be  refolved  into  fimilar  cones,  or  fruftums  of 
cones,  that  have  always  their  vertex  in  the  particles,  and  the 
gravitation  towards  thefe  cones,  or  fruftums,  will  be  always  in 
the  fame  ratio  by  §  5.  But  if  the  gravitation  of  the  particles 
decreafe  as  the  cubes  of  the  diftance  increafe,  the  forces,  with 
which  particles,  fimilarly  fituated  with  refped  to  fimilar  homo- 
o-eneous  folids,  tend  toward  thofe  folids,  fhall  be  equal.  For 
fuch  folids  being  refolved  into  fimilar  fruftums  of  cones  that 
have  always  their  vertex  in  the  particles,  and  are  fimilarly  fitu¬ 
ated  with  refped  to  them,  the  gravitation  towards  thefe  fruftums 
will  be  always  equal,  by  what  was  lhewn  in  the  laft  article  ;  in 
the  fame  manner  as  the  forces  with  which  the  particle  P  tends 
toward  fimilar  fruftums  aeabf/;,  dgJ  hr  A)  were  demon- 

ftrated  to  be  equal. 

q.  The  gravitation  of  the  particles  being  fuppofed  to  de- 
creaft  as  the  fquares  of  their  diftances  from  each  other  ihereafo, 

O  o  4 
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if  a  particle  be  placed  within  the  hollow  folid  generated  by  the 
annular  fpace  terminated  by  two  concentric  circles,  or  fimilar 
concentric  ellipfes,  adbe  and  adbe,  {Fig.  61.)  revolving 
about  the  axis  a  b,  it  fhall  have  no  gravity  towards  this  folid. 
For  let  p  be  any  fuch  particle,  p  r  any  right  line  from  p  that 
meets  the  internal  circle  or  ellipfe  in  any  points  / and  q,  and  the 
external  figure  in  x  and  r ;  then  if  x  r  be  Infected  in  z,  f  q. 
will  be  likewife  bife&ed  in  z,  becaufe  the  figures  are  fimilar 
and  fimilarly  fituated  ;  confequently  fx  is  equal  to  q  r  ;  and 
the  gravitations  of  p  towards  oppofite  fruftums  ol  the  folid 
that  have  their  vertex  in  p,  and  are  terminated  by  the  fame 
right  lines  produced  from  p,  with  oppofite  directions,.  will  be 
always  equal,  by  §  5.  and  mutually  deftroy  each  others  effect 
It  follows  from  this,  that  the  gravity  of  any  point  in  the  fe- 
mi-diameter  c  p,  towards  the  fphere  or  fpheroid,  is  to  the  gra¬ 
vity  at  P,  as  cc^to  cp,  fuppofing  the  point  q_to  be  within  the 
folid ;  becaufe  the  gravitation  towards  the  folid  generated  by  the 
annular  fpace,  which  is  included  between  apb  and  a  op,  has 
no  effeCt  upon  a  particle  at  q  ;  fo  that  the  gravity  at  cl  towards 
the  whole  folid  adbe  is  the  fame  as  the  gravity  at  towards 
the  folid'  adbe,  which  is  to  the  gravity  at  p  towards  the  folid 
'adbe  as  co_to  c  P,  by  the  laft  article..  It  appears,  therefore, 
that  when  a  fphere  or  fpheroid,  of  an  uniform  denfity,  confifts 
of  particles  that  attract  with  a  force  decreafing  as  the  fquare  of 
their  diftance  increafes,  the  gravitation  towards  the  folid  de- 
creafes  from  the  furface  to  the  centre,  in  any  given  femidia- 
meter,  in  the  fame  proportion  that  the  diftance  from  the  centre 
decreafes. 

10.  Suppofe  now  the  particle  P  {Fig.  62.)  to  be  placed  withr 
out  the  fphere  adbe,  at  the  diftance  pc  from  the  centre  c; 
and  this  particle  fhall  be  attracted  towards  the  fphere  with  a; 

force  that  decreafes  as  the  fquare  of  the  diftance  p  c  increafes. 

a  For 
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For  let  pnm  be  any  right  line  from  p  meeting  the  generating 
femicircle  a  d  b  in  n  and  m,  and  the  arc  c  h,  defcribed  from 
the  centre  p  with  the  radius  pc,  in  l  ;  let  P  nm  be  another  fuch 
right  line  from  P,  conftituting  an  infinitely  fmall  angle  with 
p  m,  meeting  the  femicircle  in  n. ,  m ,  and  the  arc  c  h  in  /  ; 
draw  LR,/r,  perpendicular  to  pc  in  r  and  r,  and  cv  perpen¬ 
dicular  to  P  m  in  v.  Suppofe  another  circle  a  d  b  e  to  interfedt 
the  femicircle  a  d  b  e  in  the  axis  a  b,  and  to  conftitute  with  it 
an  infinitely  fmall  angle  ;  and  let  l  u  and  /  #,  perpendicular 
to  the  plane  adb,  meet  a  d  b  in  u  and  x.  Then  the  gravi¬ 
tation  of  the  particle  p,  towards  the  matter  in  the  phyfical 
furface  l  u  x  1,  fhall  be  meafured  by  hi*  b u  or  -*1  *.  ;  confe- 


PL 


P  C* 


quently  the  gravitation  of  P  towards  the  pyramidical  fruftum, 
terminated  by  the  circular  planes  adb  and  a^b,  and  by  planes 
perpendicular  to  adb  in  nm  and  nm>  fhall  be  meafured  by 
xnm,  by  §  5.  of  this  chapter.  But,  the  angle  con- 


L /X  La 

P  L- 

tained  by  the  planes  adb,  a^/b,  being  given,  lu  is  to  lr,  as 
d  d)  the  arc  intercepted  by  thefe  circular  planes  at  the  diftance 
cd,  to  cd  (or  c  a  ;)  and,  l  /  being  to  r r,  as  p  l,  or  p c,  to  lr, 
fo  that  l/xlr  is  equal  to  PcxRr;  it  follows  that  the  gra¬ 
vitation  of  p  towards  that  fruftum  fhall  be  meafured  by 
l / x l b X_2VMXJ1£ or  r >■  x ^ \  This  gravitation  is  reduced 

p-JTxCU  PCXCA  ° 

to  the  direction  P  c  by  diminifhing  it  in  the  ratio  of  pv,  or  PR, 


to  P  c  :  and  is  then  meafured  by 


D^XR'XPR 


X  2  V  M 


or  (the 


L  A  x  p  c  1 

iimultaneous  increment  of  vm  being  reprefented  by  v  0,  and 
PR2,  or  pv1,  being  equal  to  vmTnPm,  by  Eucl,  2.  6.  or 
tovM^+APB,  fo  that  a  p  b  being  conftant,  the  increments  of 
pr2  and  vm2  muft  be  equal,  and  rtxpr  equal  to  vox  v  m) 

1  d^xzvm^x  v_o  wbich  is  the  fimultaneous  increment  of 

*7  C.  A  X  p  C  1  5 

in  the  fame  manner  as  the  increment  of  vm3,  while 

C  A  x  3  p  L  1  5  1  #  7 

v  m  acquires  the  infinitely  fmall  augment  v  o,  is  3  V 


O  o  2 


M  X  V  0* 

Therefore 
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Therefore  the  attradion  of  the  part  of  the  dice  of  the  fphere 
terminated  by  the  circular  planes  adb,  hd^y  which  is  cut  off 
by  a  plane  perpendicular  to  a  d  b  in  the  right  line  n  m,  is  as 
llEl  •  and  the  attradion  of  the  portion  of  the  fphere 

which  is  generated  by  the  revolution  of  the  fegment  mdn  about 
the  axis  a  b  bearing  the  fame  proportion  to  the  attradion  of  that 
flice,  as  the  circumference  of  the  whole  circle  to  the  arc  d  dy 
it  is  meafured  by  j.  x  >  where  L.  expreffes  the  ratio  of  the 

circumference  of  a  circle  to  the  radius ;  and  confequently  is 
diredly  as  the  cube  of  the  chord  m  n,  and  inverfely  as  the 
fquare  of  p  c,  the  diftance  of  the  particle  p  from  the  centre  of 
the  fphere.  Hence  the  gravity  at  p  towards  the  whole  fphere 
is  as  the  cube  of  its  diameter,  or  its  quantity  of  matter  (the 
denfity  being  given)  diredly,  and  the  fquare  of  the  diftance 
Pc  inverfely,  the  chord  m  n  coinciding  with  the  diameter  ab, 
when  the  attradion  of  the  whole  fphere  is  confidered ;  fo  that 

this  attradion  is  meafured  by 

11.  It  appears  from  what  has  been  fhewn,  that  any  particle 
p,  without  the  fphere,  is  attraded  by  it  with  the  fame  force 
as  if  the  whole  matter  of  the  fphere  was  colleded  in  the  centre, 
and  attraded  as  one  particle  from  that  centre.  For  the  circum¬ 
ference  of  the  circle  adbe  is  exprefled  by  ~  x  c  a,  its  area  by 
the  furface  of  the  fphere  by  -^-x2ca%  and  its  folid 

content  by  -x  \  fo  that  the  attradion  of  this  folid  content 

t  3 

ading  from  the  centre  c,  at  the  diftance  P  c,  is  meafured  by 
jix 2  c  - the  very  fame  which  meafures  the  attradion  of  the 

fphere  at  that  diftance,  by  the  laft  article.  The  fame  is  to  be 
faid  of  the  gravity  towards  the  aggregate  of  any  number  of 
fuch  fpheres  that  have  a  common  centre  ;  from  which  it  fol¬ 
lows,  that  however  variable  the  denfity  of  a  fphere  may  be  at 
■  different 


/ 
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different  diftances  from  the  centre,  provided  the  denfity  be  al¬ 
ways  the  fame  at  the  fame  diftance  from  it,  the  gravity  of  a 
particle  (that  is  not  within  the  fphere)  towards  it  will  be  as  the 
quantity  of  matter  in  the  fphere  direCtly,  and  the  fquare  of 
the  diftance  of  the  particle  from  its  centre  inverfely.  If  the 
attraction  of  the  particles  increafed  or  decreafed  in  the  fame 
proportion  as  their  diftances  increafe  or  decreafe,  the  fphere 
would  act,  in  this  cafe  likewife,  in  the  fame  manner  as  if  all 
its  matter  was  lodged  in  the  centre  as  one  particle  ;  but  the 
cafe  is  different  when  the  attraction  of  the  particle  obferves 
other  laws.  Suppofe  that  the  attraction  of  the  particles  is  in¬ 
verfely  as  the  power  of  the  diftance  of  any  exponent  n  lefs 
than  3,  and  the  attraction  of  a  fphere  confiftingof  fuch  par¬ 
ticles,  at  its  furface,  will  be  to  the  force  with  which  the  whole 
matter  of  the  iphere  collected  in  its  centre  would  attract  at 

the  fame  diftance,  as  3x22-,'to  '3 ~nx~f^n.  If,  for  ex¬ 
ample,  the  attraction  of  the  particles  be  the  fame  at  all  dif¬ 
tances  (in  which  cafe  we  fuppofe  n  -  o)  this  ratio  is  that  of  4  to 
5  ;  and  if  the  attraction  of  the  particles  be  inverfely  as  their 
diftance,  it  is  that  of  3  to  4  5  as  we  have  Ihewn  elfewhere  *. 

12.  Having  fhewn  that  wheh  the  particles  gravitate  to¬ 
wards  each  other  with  forces  that  are  inverfely  as  the  fquares  of 
their  diftances,  the  aCtion  of  a  fphere  upon  a  particle  placed 
without  it  obferves  the  fame  law  as  that  of  the  particles  them- 
feives,  and  decreafes  in  the  fame  proportion  as  the  fquare  oi 
the  diftance  of  the  particle  from  the  centre  of  the  fphere  in- 
creafes  •  it  follows,  becaufe  aBion  and  reaEHon  are  equal,  that 
the  particle  will  attraCt  the  fphere  by  a  force  varying  in  the 
fame  proportion  ;  and  if,  in  place  of  the  particle,  a  lecond 
fphere  be  fubftituted  confifting  of  fuch  particles,  fince  the 

*  Treatife  of  Fluxions,  §  902. 
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total  action  of  this  feconcl  fphere  will  he  the  fame  as  if  all  its 
matter  was  lodged  in  its  centre,  therefore  the  two  fpheres  muft 
obferve  the  fame  law,  in  ading  upon  each  other,  as  two  par¬ 
ticles  placed  in  their  centres  ;  that  is,  their  attraction  muft  de- 
creafe  in  proportion  as  the  fquare  of  the  diftance  betwixt  their 
centres  increafes. 

'  *  .  .  -  » 

13.  The  gravitation  of  bodies  having  been  refolved  by  Sir 
Ifaac  Newton  into  the  gravitation  of  their  particles,  and  the 
law  which  is  obferved  by  the  gravity  of  bodies  having  been 
difcovered  from  the  phenomena  defcribed  at  length  above  ;  it 
appears  from  the  preceding  concluhons,  that  the  gravity  of  the 
particles  of  which  the  bodies  are  compounded  obferves  the  very 
fame  law.  He  was  likewife  enabled,  by  the  fame  fteps,  to  de¬ 
termine  the  progrefs  of  gravity  from  the  centre  of  any  fphere  to 
the  greateft  diftance  from  it.  At  the  centre  a  particle  can 
have  no  gravity  at  all,  being  equally  attracted  every  way  by  the 
matter  of  the  fphere  about  it.  If  it  is  placed  within  the  fphere 
at  fome  diftance  from  the  centre,  its  gravity  will  be  the  greater, 
the  -greater  this  diftance  is,  by  §  9  ;  for  thefe  parts  of  the  fphere 
only  having  an  effed  upon  it  that  are  at  a  lefs  diftance  from  the 
centre  than  itfelf,  and  its  gravity  being  as  the  attrading  matter 
diredly  and  the  fquare  of  the  diftance  from  the  centre  reci¬ 
procally,  ftnce  the  matter  is  as  the  cube  of  the  fame  diftance, 
the  gravity  muft  be  as  the  diftance  itfelf.  From  the  centre  to 
the  furface,  its  gravity  increafes  in  proportion  as  its  diftance 
from  the  centre  increafes  ;  at  the  furface,  its  gravity  is  greateft ; 
and  from  the  furface  upwards,  its  gravity  decreafes  in  propor¬ 
tion  as  the  fquare  of  its  diftance  from  the  centre  increafes ;  re¬ 
gularly  obferving  this  law  to  the  utmoft  limits  of  fpace.  Here 
we  fpeak  of  the  accelerating  power  of  gravity,  which  is  propor¬ 
tional  to  the  velocity  that  it  is  able  to  generate  in  any  given 
{mail  moment  of  time  ;  and  fince  it  generates  the  fame  velo- 
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city  in  the  fame  time  in  all  bodies  whatfoever  at  the  fame  dif- 
tance,  it  follows  that  their  weight  or  motion  arifing  from  it, 
muft  be  proportional  to  their  quantities  of  matter.  In  ge¬ 
neral,  to  eflimate  the  weight  or  motion  of  any  fphere  that  is 
attracted  by  another  whofe  parts  are  equally  denfe  at  equal  dis¬ 
tances  from  its  centre,  we  are  to  meafure  it  by  compounding 
three  proportions,  that  of  the  matter  in  the  heavy  bodies  that 
gravitate,  that  of  the  matter  in  the  attracting  fpheres  to  which 
they  gravitate,  and  the  reciprocal  proportion  of  the  fquares  of 
the  refpe&ive  diftances  betwixt  the  centres  of  the  fpheres  that 
tend  towards  each  other  ;  and  this  is  the  law  which  we  found, 
from  the  phenomena  to  take  place  in  the  lyfterm  See  art .  2. 
of  this  chapter. 

14  Thus  Sir  Ifaac  Newton  difcovered  and  fully  defcribed,  ' 
from  undifputed  obfervations  and  unexceptionable  calculations, 
this  fimple  principle  of  the  gravitation  of  the  particles  of  matter 
towards  each  other  ;  which  being  extended  over  the  fyftem  to 
all  diftances,  and  diffufed  from  the  centre  of  every  globe,  is 
the  chain  that  keeps  the  parts  of  each  together,  and  preferves 
them  in  their  regular  motions  about  their  proper  centres.  The 
lame  gravity,  which  is  fo  well  known  to  us  on  the  earth,  affedts 
than  all ;  the  whole  mafs  of  the  fyftem  is,  in  this  refpecft,  of  a 
piece  ;  and  this  one  principle,  fo  regularly  diffufed  over  the 
whole,  fhews  one  general  influence  and  conduct,  flowing  from 
one  caufe  equally  a&ive  and  potent  every  where.  Several  ob- 
fervations  have  been  made  of  late  that  greatly  confirm  his  doc¬ 
trine,  and  particularly  ferve  to  fhew  that  the  gravitation  to¬ 
wards  bodies  ariles  from  the  gravitation  towards  their  particles. 
Of  this  kind  are  the  meafures  of  a  degree  on  the  meridian 
made  lately,  with  great  accuracy,  by  the  French  mathematicians; 
and  the  declination  of  the  plumb-line  from  the  true  vertical, 
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in  confequence  of  the  attraction  of  a  great  mountain  in  the 

neighbourhood. 


C  H  A  P.  v. 

^  -p- 

Gf  the  quantity  of  matter,  and  denfety ,  of  the  fun  and  planets . 

j  t  rip  HUS  far  our  author  afcends  by  way  of  a?ialyfts , 

I  tracing  the  caufes  from  their  effeds,  and  from  the 
coincidence,  or  perfed  fimilarity,  of  many  effe&s,  fhewing  the 
caufe  to  be  more  general.  But  in  order  to  defcend  by  the 
fynthefs,  and  to  determine  the  effeds  from  the  caufe  now 
known,  it  was  not  fufficient  to  eftablifh  the  general  gravitation 
of  the  particles  of  matter;  it  wasrequifite  to  determine,  a*  far 
as  poffible,  the  quantities  of  the  powers  which  ad  in  the  fyftem. 
We  have  feen  that  there  is  a  gravity  extending  from  each  body 
in  the  fyftem  on  all  fides,  at  equal  diftances  from  their  centres 
proportional  to  their  quantities  of  matter.  We  know,  from 
experience,  the  force  of  this  power  at  the  furface  of  our  own 
earth,  and  have  feen  how  to  eftimate  its  efficacy  at  any  other 
diftance.  In  order  to  be  able  to  eftimate  all  the  powers  in  the 
fyftem  direded  to  their  different  bodies,  it  is  neceffary  to  de¬ 
termine  the  proportion  of  their  quantities  of  matter  to  that  of 
our  earth.  If  this  is  once  obtained,  all  the  powers  that  ope¬ 
rate  in  the  fyftem  being  known,  it  will  require  no  more  but  a 
fkillful  application  of  geometry  and  mechanics  to  determine 
the  motions  and  phenomena  of  the  celeftial  bodies,  which  all 
flow  from  them. 

2 .  To  meafure  the  matter  in  the  fun  and  planets  was  an  ar¬ 
duous  problem,  and,  at  firft  fight,  leemed  above  the  reach  of 

human  art.  But  the  principles  of  this  phiiofophy  afforded  a 

natural 
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natural  and  eafy  folution  of  it  in  the  moft  important  cafes,  and 
Sir  Ifaac  Newton  has  determined  the  proportions  of  the  matter 
that  is  in  the  Sun,  Jupiter ,  Saturn ,  and  the  Moon,  to  that  in 
our  Earth ;  that  is,  he  has  (hewed  how  many  earths  might  form 
a  Sun ,  a  Jupiter ,  or  a  Saturn .  To  underftand  how  he  was 
able  to  dilcover  this,  we  are  to  recoiled  that  the  matter  in  each 
of  thefe  is  in  the  fame  proportion  as  the  force  of  gravity  to¬ 
ward  them,  at  equal  diftances  from  their  centres.  We  know 
the  force  of  gravity  towards  our  earth  from  the  defcent  of  heavy 
bodies,  and  alfo  by  calculating  how  much  the  moon  falls  be¬ 
low  the  tangent  of  her  orbit  in  any  given  time.  We  have  no 
experience  of  any  redilineal  defcent  of  heavy  bodies  toward  the 
Sun ,  Jupiter ,  or  Saturn  ;  but  as  the  primary  planets  revolve 
about  the  fun,  and  their  fatellites  revolve  about  Jupiter  and 
Saturn ,  by  computing  from  their  motions  how  much  a  pri¬ 
mary  planet  falls  below  its  tangent  in  a  given  time,  and  how 
much  any  of  Jupiter  s  and  Saturn  s  fatellites  fall  below  their 
tangents  in  the  fame  time,  we  are  able  to  determine  the  pro¬ 
portion  which  the  gravity  of  a  primary  planet  to  the  fun,  and 
of  a  fatellite  towards  its  primary,  bears  to  the  gravity  of  the 
moon  towards  the  earth,  in  their  refpedive  diftances  :  then 
from  the  general  law  of  the  variation  of  gravity,  the  forces 
that  would  ad  upon  them  at  equal  diftances  from  the  Sun, 
Jupiter ,  Saturn ,  and  the  Earth  are  computed  ;  which  give 
the  proportion  of  the  matter  contained  in  thefe  different 
bodies. 

3.  That  the  quantity  of  matter  in  Jupiter  is  greater  than 
the  quantity  of  matter  contained  in  the  earth,  we  may  eafily 
learn  from  the  motion  of  his  fatellites  ;  all  of  which  revolve 
about  his  centre  in  lefs  time  than  the  moon  revolves  about  the 
earth,  and  are  all,  excepting  the  firft,  at  a  greater  diftance  ' 
from  his  centre  than  the  moon  is  from  the  earth.  The  fecond 
*  — ;  P  p  fatellite 
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fatellite  is  farther  didant  from  Jupiter  than  the  moon  is  from 
the  earth  in  the  proportion  of  3  to  2  nearly  ;  and  moves  in  an 
orbit  greater  in  the  fame  proportion.  But  this  fatellite  finifhes 
its  revolution  in  3  days,  1 3  hours,  which  is  lefs  than  a  fe- 
venth  part  of  the  moon’s  periodic  time  about  the  earth  ;  con- 
fequently  its  motion  mud  be  much  more  fwift  than  that  of  the 
moon.  A  fatellite  nearer  Jupiter  would  move  dill  more 
fwiftly  than  this  fatellite  :  fo  that  if  a  fatellite  revolved  about 
Jupiter  at  a  diftance  from  his  centre  equal  to  the  didance  of 
the  moon  from  the  earth,  it  would  move  much  more  fwiftly 
than  the  moon  moves  about  the  earth,  and  therefore  would 
be  a&ed  on  by  a  much  greater  centripetal  force  ;  for  it  re¬ 
quires  always  a  greater  force  to  bend  into  the  fame  orbit  a  body 
that  moves  with  a  greater  velocity.  But  the  quantities  of 
matter  in  the  central  bodies  are  proportional  to  their  attractive 
powers  at  equal  diftances,  and  therefore  the  matter  in  Jupiter 
mud  very  much  exceed  the  matter  in  the  earth.  In  like 
manner,  we  may  eafily  obferve  that  Mercury  revolves  about 
the  fun  in  very  little  more  than  thrice  the  time  in  which  the 
moon  revolves  about  the  earth,  and  yet  moves  in  an  orbit 
about  140  times  greater,  being  fo  many  times  farther  didant 
from  the  centre  of  his  motion  ;  from  which  it  is  eafy  to  fee 
that  if  a  fatellite  revolved  about  the  earth  as  far  didant  from  it 
as  Mercury  is  from  the  fun,  this  fatellite  would  move  vadly 
llower  than  Mercury  :  whence  it  follows  that  the  attractive 
power  of  the  fun  mud  be  vadly  fuperior  to  that  of  the  earth, 
and  therefore  that  the  fun  mud  contain  vadly  more  matter 
than  the  earth.  The  matter  in  Saturn  is  alfo  found  to  be 
greater  than  that  in  the  earth.  From  our  author  s  calculations, 
founded  on  thefe  principles,  it  follows  that  the  quantities  of 
matter  in  the  Suny  Jupiter ,  Satur?t  and  the  harth  are  to  each 
other  as  the  numbers  1,  3^7,  i69W 


4.  The 
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4.  The  quantities  of  matter  in  thefe  bodies  being  thus  de¬ 
termined,  and  their  bulk  being  known  from  aftronomical  ob- 
fervations,  it  is  eafy  to  compute  what  matter  each  of  them  con¬ 
tains  in  the  fame  bulk  ;  which  gives  the  proportion  of  their 
denfities.  Thus  our  author  finds  the  denfities  of  the  Sun, 
Jupiter ,  Saturn  and  the  Earthy  to  be  as  the  numbers  100, 
94fi  67  and  400. 

From  which  it  appears  that  the  earth  is  more  denfe  than 
Jupiter ,  and  Jupiter  more  denfe  than  Saturn  ;  that  is,  thofe 
planets  which  are  nearer  the  fun  are  found  to  be  more  denfe, 
by  which  they  are  enabled  to  bear  the  greater  heat  of  the  fun. 
This  is  the  refult  of  our  moft  fubtile  enquiries  into  nature,  that 
all  things  are  in  the  belt  fituations,  and  difpofed  by  perfect  wif- 
dom.  If  our  earth  was  carried  down  into  the  orb  of  Mercury , 
our  ocean  would  boil  and  foon  be  diflipated  into  vapour,  and 
the  dry  land  would  become  uninhabitable.  If  the  earth  was 
carried  to  the  orb  of  Saturn ,  the  ocean  would  freeze  at  fo 
great  a  diftance  from  the  fun,  and  the  cold  would  foon  put 
a  period  to  the  life  of  plants  and  animals.  A  much  lefs  va¬ 
riation  of  the  earth’s  diftance  from  the  fun  than  this  would 
depopulate  the  torrid  zone  if  the  earth  came  nearer  the  fun, 
and  the  temperate  zones,  if  it  was  carried  from  the  fun.  A 
lefs  heat  at  Jupiter  s  diftance  is  adapted  to  the  greater  rarity 
of  his  fubftance  :  the  confequences  might  be  as  fatal  in 
Jupiter ,  if  he  was  carried  into  the  orb  of  the  earth,  as  it  would 
be  to  us  to  be  carried  into  the  orb  of  Mercury.  The  ftill 
greater  rarity  of  Saturn  is  fitted  to  his  more  remote  orb ;  fo 
that  tho’  he  is  the  laft  of  the  planets,  and  receives  90  times 
lefs  light  and  heat  from  the  fun  than  we  do,  he  may  never- 
thelefs  be  in  the  beft  fituation  that  could  poflibly  be  aftigned 
him  in  the  fyftem  ;  and  there  the  fituation  o i  Jupiter  ^  and  of 

P  p  2  all 
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all  the  lower  planets,  may  appear  as  terrible  as  that  of  Mercury 
does  to  us.  Saturn  terminates  the  planetary  revolutions  ;  and, 
as  if  the  heat  of  the  fun  was  too  weak  in  the  higher  orbs,  we 
find  no  bodies  revolving  higher,  but  fuch  as  defcend  in  feme 
part  of  their  orbit  nearer  to  this  great  centre  of  light  and  heat. 
Upon  the  whole  we  have  reafon  to  conclude,  that  they  are  all 
difpofed  in  fuch  order,  and  in  fuch  fituations,  from  which  any 
confiderable  variation  would  produce  fatal  effe&s.  The  hy- 
pothefis  of  Des  Cartes  led  him  to  place  the  more  denfe  pla¬ 
nets  at  a  greater  diftance  from  the  fun  ;  but  a  philofophy 
founded  on  the  obfervation  of  nature  correfponds  better  with 
the  final  caufes  of  things,  and  proves,  on  every  occafion,  the 
wifdom  of  the  author. 

5.  As  aftronomers  have  found  no  fatellites  revolving  about 
Mercury.)  A" enus ,  or  Mars ,  we  are  deprived  of  the  like  op¬ 
portunities  of  comparing  their  attra&ive  powers  and  proportional 
quantities  of  matter.  But  it  is  highly  probable  from  what  we 
have  faicl  of  the  Earth ,  Jupiter  and  Saturn ,  that  the  denfities 
of  the  other  planets  correfpond  to  their  diflan  ces  from  the  fun, 
and  are  greater  in  the  nearer  planets.  Our  author  has  alio  com¬ 
puted  the  proportion  of  the  attractive  powers  or  the  Sun> 
Jupiter ,  Saturn ,  and  the  Earth ,  at  their  1  efoeciive  furfaces, 
and  finds  them  to  be  in  proportion  as  thefe  numbers,  10000, 
94-^5  529,  43 5,  refpedtively.  From  which  it  appeals,  that  the 
force  of  gravity  towards  thefe  very  unequal  bodies  approaches 
furprifingly  to  an  equality  at  their  fui  faces  :  fc  that  tno 
Jupiter  °be  feveral  hundred  times  greater  than  the  earth,  the 
force  of  gravity  at  his  furface  is  very  little  more  than  double 
what  it  is  at  the  furface  of  the  earth  ;  and  the  force  of  giavity 
at  the  furface  of  Saturn  is  but  about  ^greater  tnan  that  of  ter- 
reftrial  bodies. 
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6.  The  moft  confiderable  powers  that  aCt  in  the  lyftem 
being  thus  determined  ;  Before  we  proceed  to  confider  their 
effects,  it  is  neceflary,  firft,  to  enquire  whether  they  act  in  a 
void,  or  if  there  is  any  medium  that  refills  the  motions  pro¬ 
duced  by  them.  We  find  that  the  air  makes  a  confiderable  re- 
fiftance  to  the  motion  of  projectiles  near  the  earth  ;  which,  if 
it  extended  unto  the  planetary  regions,  would  alfo  very  con- 
fiderably  affeCt  their  motions.  But  experiments  fhew  that  the 
denfity  of  the  air  is  proportional  to  the  force  that  comprefles 
it,  and  that  the  weight  of  the  fuperincumbent  atmofphere  is 
the  force  which  comprefles  the  air  in  every  altitude  ;  fo  that 
the  higher  any  portion  of  air  is,  having  a  lefs  weight  of  air 
above  it  to  comprefs  it,  it  mu  ft  have  lefs  denfity  in  the  fame 
proportion  :  and  from  this  it  follows,  that  if  we  abftraCf  from 
the  diminution  of  gravity,  and  the  altitudes  from  the  furface  of 
the  earth  be  taken  in  arithmetical  progreflion,  the  denfities 
of  the  air  at  thefe  altitudes  will  decreafe  in  geometrical  pro¬ 
greflion  *.  Since,  therefore,  it  appears  from  feveral  experi¬ 
ments,  made  in  France  and  England ,  that  the  denfity  of  the 
air  decreafes  in  fuch  a  manner,  that  at  the  height  of  feven 
perpendicular  miles  it  is  about  \  of  the  denfity  it  has  at  the 

level  of  the  fea,  at  1 4  miles  it  muft  be  —  of  it,  at  2  1  miles 

at  28  miles  at  35  miles  at  42  miles i^,  at  the 

height  of  49  miles  tls-  part  of  it,  and  at  the  height  of  a  fe- 

midiameter  of  the  earth  altogether  infenfible.  It  appears  from 
the  laws  of  motion,  and  from  many  accurate  experiments,  that 
the  refiftance  of  fluids,  arifing  from  the  inertia  of  their 
matter,  is  proportional  to  their  denfity  ;  and  therefore  the  re¬ 
fiftance  of  the  air,  tho’  fenftble  at  the  furface  of  the  earth, 

*  See  Dr,  Halley  in  Phil.'Tranf.  N?  18 r.  and  SchoL  Prop.  22.  Lib.  II.  Princip. 

would 
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would  be  16384  times  lefs  at  the  height  of  49  miles,  and 
could  not  be  fenfible  in  the  greateft  number  of  ages  at  the 
height  of  a  femidiameter  of  the  earth  :  it  muft  be  ftill  lefs 
at  the  diftance  of  the  moon,  which  therefore,  meeting  with  no 
refiftance,  continues  to  revolve  for  ever  in  her  orbit,  without  any 
impediment  or  diminution  of  motion.  As  for  a  more  fubtile 
medium  than  the  air,  no  experiments  nor  obfervations  fhew 
that  there  is  any  here,  or  in  the  celeftial  fpaces,  from  which  any 
fenfible  reliftance  can  arife. 
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BOOK  IV. 


The  effects  of  the  general  power  of  gravity  deduced 

fynthetically. 


C  H  A  P.  I. 

Of  the  centre  of  the  folar  fyjlem . 

1 .  I  R  Ifaac  Newton  having  eftablilhed  the  general  prin- 
ciple  of  the  gravitation  of  the  particles  of  matter, 
if#  and  having  determined  the  chief  powers  that  ad  in  the 
fyftem,  viz.  thofe  which  tend  to  the  Sun ,  Jupiter ,  Saturn , 
and  the  Earth  ;  and  having  found  that  the  celeftial  motions 
are  performed  in  free  fpaces,  where  the  refiftance  is  infenfible  ; 
he  has  now  prepared  the  way  for  proceeding  fynthetically  in 
his  account  of  the  fyftem  of  the  world,  and  enquiring  into  the 
various  effeds  that  arife  from  a  power  fo  evidently  eftablifhed. 
Any  general  principle  afcertained  in  nature  is  a  great  acqui- 
fition  to  philofophy,  efpecially  when  the  variations  of  this 
power,  with  its  diredion  and  force,  are  clearly  determined  ; 
and  the  fertility  of  this  principle  will  appear  from  the  various 
phenomena  refolved  by  it  fynthetically ,  of  which  we  are  now 
to  treat.  Sir  Ifaac  Newton  begins  with  enquiring  into  the 
centre  of  the  fyftem.  The  Pythagoreans  afcribed  this  place  to 
the  centre  of  the  fun,  the  followers  of  Arifotle  and  Ptolemy  to 
the  earth.  But  Sir  Ifaac,  having  found  that  thefe  gravitate  to¬ 
wards  each  other  and  towards  all  the  other  bodies  in  the  fyftem, 
2  neither 


29 6  Sir  ISAAC  N  E  W  T  O  N’s  Book  IV. 

neither  of  them,  nor  indeed  any  body  in  the  fyftem,  can  be 
fuppofed  to  be  void  of  all  motion. 

2.  It  is  the  centre  of  gravity  of  the  whole  fyftem  that  is 
the  only  point  which  can  be  fuppofed  quiefcent  in  it ;  the  fame 
point  about  which  all  the  matter  of  the  fyftem  would  foon  be 
accumulated,  if  the  progreffive  motions  of  the  bodies  in  it 
were  deftroyed,  and  their  gravity  was  permitted  to  bring  them 
together.  The  mutual  a&ions  of  bodies  on  each  other  never 
affect  the  ftate  of  this  centre  ;  their  attracting  or  repelling  each 
other  produces  no  effect  upon  it  ;  and  it  muft  either  be  qui¬ 
efcent,  or  proceed  uniformly  in  a  right  line.  All  feem  agreed 
that  the  centre  of  the  fyftem  is  at  reft,  and  no  reafon  or  ob- 
fervation  argues  for  our  afcribing  any  motion  to  it.  The  centre 
of  gravity  of  the  fyftem  is,  therefore,  the  only  immoveable 
point,  while  all  the  bodies  in  the  fyftem  move  round  it  with 
various  motions. 

3 .  As  we  have  our  knowledge  of  gravity,  and  the  laws  of 
nature,  from  what  paffes  on  the  furface  of  the  earth,  we  cannot 
illuftrate  the  motions  of  the  bodies  of  the  folar  fyftem,  ariftng 
from  their  mutual  gravity,  better  than  by  fome  images  we  find 
of  them  on  the  earth,  after  having  fhewn  fo  fully  the  fimilarity 
of  the  powers  that  act  on  the  parts  of  the  earth  and  on  the  ce- 
leftial  bodies.  We  know  that  when,  by  any  power  or  ma¬ 
chine,  a  body  is  projected  in  the  air,  the  power  reacts  on  the 
earth  with  an  equal  force,  and  that  if  the  power  was  fufficient 
to  project  a  mountain  or  a  much  larger  part  of  the  earth,  it 
would  act  on  the  remainder  of  the  earth  with  an  equal  force, 
in  an  oppofite  direction ;  fo  that  while  the  projected  part 
begun  to  move  in  its  curve,  the  remainder  of  the  earth  would 
begin  at  the  fame  time  to  move  in  an  oppofite  direction,  with  an 

equal 
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equal  quantity  of  motion,  but  with  a  velocity  lo  much  lefs  as 
the  matter  in  it  is  greater  than  in  the  projected  part ;  and  both 
would  revolve  in  certain  orbits  about  the  common  centre  ot 
gravity,  which  would  continue  in  the  fame  Hate  as  beiore  the 
proieCtion.  If,  by  the  refiftance  of  the  medium,  the  motions 
of  thefe  parts  of  the  earth  came  to  be  deftroyed,  they  would 
come  together  again  and  be  accumulated  in  one  mafs  about  the 
fame  centre.  If  there  were  more  fuch  parts  of  the  earth  pro¬ 
jected,  the  centre  of  gravity  of  all  would  be  no  way  affected 
by  fuch  projections,  but  they  would  move  round  it,  fo  that 
the  fum  of  the  motions  on  one  fide  of  it  fhould  be  equal  to 
the  fum  of  the  motions  on  the  other  iide  :  and  this  obtains 
even  in  thofe  fmall  motions  that  are  every  day  produced  by 
powers  and  agents  on  the  earth. 

4.  The  motions  of  the  great  bodies  in  the  folar  fyftem  are 
analogous  to  thefe  :  the  different  parts  of  the  lolar  lyftem  gra¬ 
vitate  to  each  other,  as  the  .parts  of  the  earth  gravitate  towards 
one  another;  and  the  different  parts  of  the  fyftem  move  in  the 
fame  manner  about  their  common  centre  of  gravity,  as  the 
parts  into  which  we  fuppofed  the  earth  to  be  divided,  if  pro¬ 
jected  in  any  direction,  would  all  move  about  their  common 
centre  of  gravity  ;  or  as  the  earth,  and  all  the  bodies  that  are 
actually  projected  every  day  on  its  furface,  revolve  about  the 
common  centre  of  gravity  of  the  earth  and  thefe  projectiles. 
Only  there  is  this  difference,  that  the  bodies  of  the  great  fyftem 
were  projected  at  great  diftances  from  each  other,  and  in  fuch 
a  manner  that  the  planets  revolve  in  orbits  almc-ft  circular,  fo 
as  not  to  come  too  near  to  the  fun,  or  to  be  carried  too  far  from 
him,  in  their  revolutions.  The  creator  of  the  world  had  in  vain 
made  them  of  denflties  adapted  to  certain  diftances,  ir  he  had 
not  projected  them  with  the  forces  that  were  requiftte  to  pre¬ 
fer  ve  them  revolving  at  thofe  diftances,  or  near  to  them  ;  and 

cu  as 
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as  the  greatnefs  of  the  force  impreffed  on  thofe  vaft  bodies, 
fome  of  which  are  many  times  greater  than  our  earth,  fhews 
the  power,  its  juft  quantity,  varied  regularly  in  the  different 
diftances  of  the  planets,  and  its  proper  direction,  flhew  die  fkill 

of  the  firjl  mover*. 

5.  We  may  fuppofe  that  all  the  matter  of  which  the  fyftem 
confifts  was  formed  firft  in  one  mafs,  where  now  the  centre  of 
gravity  of  the  whole  fyftem  is  found  ;  that  of  this  mafs  various 
bodies  were  formed,  and  feparated  from  each  other  to  proper 
diftances,  where  they  received  their  projectile  motions  ;  and 
that  the  powers  which  feparated  and  moved  them  obferved  the 
lav/  of  nature  that  requires  an  equality  between  addon  and  re- 
addon,  and  is  obferved  in  all  the  addons  of  powers  at  pre- 
fent :  and  thus  thefe  motions  would  begin,  and  continue  for 
ever,  without  producing  any  motion  in  the  centre  of  gravity  of 
the  fyftem. 

6.  When  the  bodies  were  thus  moved  in  their  juft  orbits,  we 
may  conceive  fome  of  them  to  have  been  fubdivided  again,  by 
addons  obferving  the  fame  laws,  into  feveral  other  bodies,  which 
in  like  manner  were  formed  into  leffer  fyftems  ;  as  that  of  the 
earth  and  moon,  thofe  of  Jupiter  and  Saturn  and  their  fatel- 
iites.  There  is  not  any  of  thefe  quiefcent  in  its  particular 
fyftem  ;  the  earth  and  moon  move  about  their  common  centre 
of  gravity,  while  it  is  carried  with  a  regular  motion  round  the 
centre  of  gravity  of  the  whole  fyftem.  The  fame  is  to  be  faid 
of  Jupiter  and  Saturn  and  their  fatellites ;  and  it  is  certain 
from  the  laws  of  nature,  that  the  motions  in  any  leffer  fyftem 
about  its  centre  of  gravity,  and  the  motion  of  that  centre  about 
the  centre  of  gravity  of  the  whole  fyftem,  interfere  not  with, 
each  other.  A  leffer  fyftem  being  thus  formed,  one  of  the 
todies  that  compofe  it  might  be  fubdivided  into  leffer  bodies 

that 
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that  might  form  a  fyftem  of  an  inferior  order.  _  But  we  do  not 
find  that  nature  carries  this  fubordination  fo  far,  unlefs  we 
would  confider  the  motion  of  proje&iles,  near  the  furfaces  of 
the  fecondary  planets,  as  an  example  of  this  kind. 

7.  It  is  next  to  be  Confidered,  where  this  point  of  reft  of  tnf 
common  centre  of  gravity  of  the  fyftem  is  to  be  found  ;  and 
it  is  plain  from  what  we  have  already  feen,  that  it  can  never 
be  far  removed  from  the  fun,  becaufe  the  matter  in  the  fun 
vaftly  exceeds  the  matter  in  all  the  planets  taken  together  ; 
and,  from  what  we  faid  of  the  centre  of  gravity  above,  it  ap¬ 
pears  that  it  is  always  nearer  the  greater  body  in  proportion  as 
it  is  greater.  Jupiter  is  the  largeft  of  the  planets,  and  yet  is 
but  of  the  fun,  fo  that  their  centre  of  gravity  mult  be 
io676times  nearer  the  fun  than  Jupiter ;  and  as  the  diftance  of 
Jupiter  is  little  more  than  1067  femidiameters  of  the  lun,  it 
follows  that  the  centre  of  gravity  of  the  fun  and  Jupiter  can¬ 
not  be  much  above  the  furface  of  the  fun.  Saturn  lefs  than 
Jupiter  both  in  bulk  and  denfity,  and  the  centre  ot  gravity  01 
the  Sun  and  Saturn  falls  within  the  body  of  the  fun  :  and 
thus  it  eafily  appears,  that  tho’  all  the  planets  were  on  one  fide 
of  the  fun  in  one  line,  the  centre  of  gravity  ot  the  lun  and 
them  all  could  fcarcely  be  above  a  femi-diameter  ot  the  lun 
from  his  furface  :  and  this  is  the  fartheft  that  the  fun  is  ever 
removed  from  that  centre.  It  appears,  therefore,  that  tho 
the  fun  is  in  perpetual  agitation  about  this  centre,  yet,  being 
always  fo  near  it,  he  may  very  well  be  confidered  by  altrono- 
mers  as  the  centre  of  the  folar  fyftem.  Thus,  tho  the  ter¬ 
raqueous  globe  receives  an  impreffion  from  every  power  that 
moves  projectiles  in  the  air,  and  is,  to  fpeak  accurately,  agi¬ 
tated  a  little  by  thefe  powers  with  a  very  complex  motion,  yet 
we  confider  it  as  at  reft,  negleding  fuch  exceeding  minute 

actions  and  their  effeds. 


Q.  q  2 


C  H  A  P, 


3®° 


Sir  I  S  A  A  C  N  E  W  T  O  N’s  Book  IV. 


C  H  A  P  II. 

Shewing  how  gravity  produces  feme  j mall  irregularities  in  the 

motions  of  the  planets. 

I.  T  F  die  planets  were  afled  on  by  a  power  diredcd  to  the 
|  centre  of  the  fun  only,  varying  according  to  the  general 
law  of  gravity,  and  that  centre  was  quiefcent,  their  motion 
about  it  would  be  perfedly  regular.  But  we  found  that  each  of 
the  planets  was  adted  on  by  a  power  directed  to  every  body  in 
the  fyftem.  In  order  to  judge  of  the  effects  of  thefe  actions, 
our  author  firft  fuppofes  two  bodies  equally  gravitating  towards 
each  other,  and  revolving  about  their  common  centre  of  gra¬ 
vity  r  and,  fince  the  direction  of  their  mutual  gravitation 
paffes  always  from  the  one  to  the  other  through  their  centre 
of  gravity,  and  their  diftances  from  it  vary  always  in  the  fame 
proportion  as  their  diftances  from  each  other  it  follows,  that 
they  muft  defcribe  equal  areas  in  equal  times  about  that  centre, 
and  about  each  other,  and  defcribe  fimilar  figures  about  that 
point  and  about  each  other  *.  So  that  in  the  motions  of  two 
bodies  no  irregularities  arife  in  their  motions  about  each  other 
from  their  mutual  attractions ;  whatever  the  law  of  their  gra¬ 
vity  be  fuppofed  to  be  :  only  they  will  finifh  their  revolutions 
about  the  centre  of  gravity  in  left  time  than  if  the  one  was  to 
revolve  about  the  other  quiefcent,  at  the  fame  diftance,  and 
with  the  fame  centripetal  force  ;  becaufe  the  orbit  defcribed 
about  the  centre,  of  gravity  being  lefs  than  that  which  is  de¬ 
fcribed  by  any  one  of  them  about  the  other  quiefcent  (their 
diftance  from  each  other  being  equal  in  both  cafes)  and  being 
alfo  fimilar  to  it,  it  muft  be  defcribed  in  lefs  tune. 


2.  If 
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2.  If  tluee  or  more  bodies  mutually  attract  each  other,  the 
gravitation  of  any  one,  arifing  from  the  adions  of  the  reft,  may 
be  determined  by  the  rule  for  the  compofition  of  motion  ;  and 
if  the  law  of  gravity  be  fuch  as  we  find  to  obtain  in  the  folar 
fyftem,  its  gravitation  will  not  be  always  directed  to  the  centre 
of  crravity  of  the  other  bodies,  or  indeed  to  any  fixed  point, 
but  fometimes  to  one  fide  of  that  centre  and  fometimes  to 
the  other  ;  and  therefore,  equal  areas  will  not  be  defcribed  in 
equal  times  about  any  point  in  the  fyftem,  and  feveral  irregula¬ 
rities  will  necefiarily  arife  in  the  motions  of  the  bodies.  But  ii 
you  fuppofe  one  of  thefe  bodies  to  be  vaftly  greater  than 
reft,  fo  that  the  adions  of  the  other  bodies  may  be  negleded 
if  compared  with  its  adion,.  and  the  centre  of  gravity  of  the 
fyftem  be  always  found  near  it,  then  the  irregularities  in  the 
motions  in  fuch  a  fyftem  will  be  very  fmall.  The  areas  de¬ 
fcribed  in  equal  times,  about  the  centre  of  that  great  body, 
will  be  nearly  equal,  and  the  orbits  defcribed  will  be  nearly 
elliptic,  having  that  centre  in  their  focus.  That  this  is  the 
cafe  of  the  fun  and  planets,  appears  from  what  we  have  ftiewn 
concerning  their  quantities  of  matter  :  and  thus  we  fee  that 
not  only  the  regular  motions  of  the  planets  are  to  be  derived 
from  the  principle  of  gravity,  but  alfo  how  their  minute  errors 
and  irregularities  are  accounted  for  from  it.  The  fame  is  the 
cafe  of  Jupiter  and  Saturn  and  their  fatellites .  As*  for  the 
Earth  and  the  Moon,  tho’  there  be  a  lefs  difproportion  in  their 
magnitudes,  and  their  common  centre  of  gravity  be  fenfibly 
removed  from  the  earth,  yet  as  there  are  only  two  in  their 
fyftem,  no  irregularities  arife  from  their  mutual  adions  in  their 
motions  about  their  common  centre  ot  gravity,  or  they  are 
eafily  determined  when  the  pofition  of  their  centre  of  gravity  is 
known.  Thefe  lefier  fyftems  of  the  Earth ,  Jupiter ,  and* 
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Saturn ,  are  carried  about  the  centre  of  gravity  of  the  general 
folar  fyftem,  without  receiving  any  difturbance  from  any 
action  of  the  fun  or  planets,  which  is  equal  on  all  their  parts 
and  in  the  fame  diredion.  When  a  fleet  of  fhips  is  carried 
away  by  a  current  that  affeds  them  equally,  it  has  no  effed  on 
their  particular  motions  amongfl:  themfelves,  nor  is  the  motion 
proceeding  from  the  current  difcovered  by  them,  if  they  have 
no  body  in  fight  that  is  not  affeded  by  it.  In  the  fame  man¬ 
ner,  if  the  gravity  towards  the  fun  aded  equally,  and  in  the 
fame  diredion,  on  the  parts  of  thefe  leffer  fyftems,  it  would 
have  no  effed  on  their  motions  amongfl  one  another,  and  could 
only  be  difcovered  by  comparing  their  motions  with  the  fixed 
flars,  or  with  fome  body  foreign  to  that  leffer  fyftem,  which 
is  aded  on  in  a  different  manner  by  the  fun.  But  as  there  is 
fome  variation  in  the  adions  of  the  fun  upon  the  parts  of  thefe 
fyftems,  and  in  the  diredions  of  thefe  adions,  from  hence  fome 
irregularities  necefiarily  arife. 

3.  Tho’  the  adions  of  the  fun  and  of  the  inferior  planets, 
compounded  together,  do  not  always  produce  in  a  luperior 
planet  a  gravitation  exadly  direded  towards  their  centre  of ' 
gravity  ^  yet,  as  upon  the  whole  it  is  more  nearly  direded  to 
that  point  than  to  any  other,  the  motions  of  a  fuperior  planet 
will  be  found  more  regular  by  fuppofing  that  point  to  be  the 
centre  of  its  attradion,  rather  than  any  other,  and  its  ellipfe 
will  be  juft  by  placing  its  lower  focus  there.  A  planet  that  is 
higher  than  this  will,  by  its  attradion,  have  fome  effed  on  the 
motion  in  this  ellipfe,  but  as  it  alfo  ads  on  the  inferior  planets 
at  the  fame  time,  there  will  no  irregularity  arife  from  that  part 
of  its  adion  which  is  equal  and  in  the  fame  diredion  on  them 
all,  but  from  the  differences  of  its  adions  only ;  which  being 
exceedingly  minute,  and  having  contrary  effeds  in  the  oppofite 

fituations 
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fituations  of  that  higher  planet,  can  produce  effeds  fcarcely 
fenfible  in  many  revolutions. 

4.  The  adion  of  Jupiter  on  Saturn  when  greatefl  (that  is 
in  their  conjunction  when  their  diflance  is  lead)  is  found  to  be 
_z_  of  the  aCtion  of  the  Sun  upon  Saturn ,  by  comparing  the 
matter  of  Jupiter  with  the  matter  in  the  Sun,  and  the  fquare 
of  the  diflance  of  the  Sun  from  Saturn ,  with  the  fquare  of  the 
diflance  of  Jupiter  from  Saturn .  The  effeCt  of  this  adion  on 
Saturn  is  not  altogether  infenfible.  But  the  elliptic  orb  of 
Saturn  will  be  found  to  be  more  juft,  if  you  fuppofe  its  focus 
not  to  be  in  the  centre  of  the  Sun ,  but  in  the  centre  of  gravity 
of  the  Sun  and  Jupiter ,  or  rather  in  the  centre  of  gravity  of 
the  Sun  and  of  all  the  planets  below  Saturn.  In  the  fame 
manner,  the  elliptic  orb  of  any  other  planet  will  be  found  more 
accurate,  by  fuppofing  its  focus  to  be  in  the  centre  of  gravity 
of  the  Sun  and  all  the  planets  that  are  below  it, 

5.  The  whole  adion  of  Jupiter  diflurbs  the  motion  of 
Saturn  in  their  conjunction,  becaufe  Jupiter  ads  upon  Saturn- 
and  upon  the  Sun  with  oppofite  diredions,  at  that  time. 
But,  becaufe  Saturn  ads  then  in  the  fame  diredion  on  Jupiter 
and  on  the  Sun,  if  it  aded  alfo  with  the  fame  force  on  both, 
it  would  have  no  effed  on  the  motion  of  Jupiter  about  the 
Sun ,  and  it  is  by  the  excefs  of  its  adion  on  Jupiter  above  its 
adion  on  the  Sun  that  it  diflurbs  the  motion  of  Jupiter.  This 
excefs  is  found  to  be  ~  of  the  adion  of  the  Sun  on  Jupiter , 
and  therefore  is  much  lefs  than  the  force  with  which-  Jupiter 
diflurbs  the  motion  of  Saturn.  The  adion  s  of  the  other 
planets  on  each  other  are  incomparably  lefs  than  thefe, 
and  the  irregularities  proceeding  from  thofe:  adions  are  always 
lefs  in  any  planet  as  it  is  nearer  the  fun.  Only  the  orbit  of  the 
earth  may  appear  a  little  more  irregular  than  that  of  its  neigh¬ 
bouring' 
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touring  planets,  becaufe  it  revolves  about  the  centre  of  gravity 
of  the*  earth  and  moon,  while  that  centre  annually  revolves 

about  the  fun. 

6.  If  the  planets  were  attraded  by  the  fun  and  by  one  ano¬ 
ther*  but  the  fun  was  not  reciprocally  attraded  by  them,  the 
centre  of  gravity  of  the  fyftem,  becaufe  of  the  deficiency  oi 
this  readion,  would  neceffarily  be  in  motion  ;  and  this  vyould 
be  a  new  fource  of  errors  and  irregularities.  If  the  primary 
planets  were  not  attraded  by  their  fatellites,  as  well  as  the 
iatellites  by  their  primary  planets,  other  irregularities  wou.d 
neceffarily  arife.  If  the  great  planets,  Jupiter  and  Saturn , 
had  moved  in  the  lower  fpheres,  their  influences  would  have 
had  much  more  effed  to  difturb  the  planetary  motions.  But 
while  they  revolve  at  fo  great  diftances  from  the  reft,  they  ad 
almoft  equally  on  the  fun  and  on  the  inferior  planets,  and  have 
tjle  jcfs  effedt  on  their  motions  about  the  fun,  and  the  motions 
of  their  fatellites  are  at  the  fame  time  lefs  difturbed  by  the 
adion  of  the  fun.  The  earth  and  moon  move  in  a  lower 
fnhere  but  their  motions  are  the  lefs  irregular  becaufe  there  are 
onlv  two  in  their  fyftem.  We  fhall  afterwards  fee  that  the 
comets  continue  for  a  very  finall  time  among  the  planetary 
fpheres,  and  that  in  the  far  greater  part  of  their  revolutions 
they  are  carried  to  fuch  vaft  diftances  that  their  actions  can 
hav  e  very  little  effed  on  the  motions  of  the  planets.  Such  is 
the  law  of  gravity,  and  the  manner  of  its  operation,  and  fuch 
is  the  difpolition  of  the  bodies  in  the  fyftem,  as  feems  well 
adapted  for  preferving  their  motions  with  great  regularity  ;  but 
this  will  appear  ftill  more  fully  from  the  following  chapter. 


CHAP. 
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CHAP.  III. 

Of  the  approach  a?id  recefs  of  the  planets  to  a?id  from  the  fun% 

in  every  revolution . 

1 .  r  a  >  HUS  far  we  have  confidered  the  powers  that  aCt  in 
the  fyStem  of  the  fun,  and  have  found  that  thofe 
which  produce  the  regular  motions  of  the  planets  vaStly  ex¬ 
ceed  thofe  that  disturb  them.  We  are  next  to  confider  how 
the  motions  in  their  orbits  proceed  from  the  aCtion  of  thofe 
powers  ;  and  how  the  planet  is  made  to  afcend  and  defcend  by 
turns,  at  the  fame  time  that  it  revolves  about  the  centre  of  its 
gravitation.  This  requires  an  illustration,  the  rather  becaufe 
we  have  nothing  fimilar  to  it  in  the  motion  of  heavy  bodies 
at  the  earth’s  furface  ;  for  thefe  are  always  made  to  fall  to  the 
earth  by  their  gravity  :  in  whatever  direction  they  are  pro¬ 
jected,  upwards,  perpendicularly,  or  obliquely,  their  gravity 
foon  brings  them  down  to  the  earth  again.  Hence  many  find 
it  hard  to  conceive  how  a  planet  after  approaching  to  the  fun 
can  recede  from  it  again,  efpecially  fince  its  gravity  is  increafed 
as  its  diftance  decreafes.  They  imagine  that  it  ought  to  con¬ 
tinue  to  approach  to  the  fun,  and  at  length  fall  upon  his  body, 
as  heavy  bodies  fall  to  the  earth. 

2.  But  we  are  to  remember,  that  the  force  with  which  heavy 
bodies  are  projected,  from  our  moSt  powerful  engines,  is  in- 
confiderable,  compared  with  the  motions  which  their  gravity 
could  generate  in  them  in  a  few  minutes  ;  and  they  move 
over  Such  fmall  Spaces,  when  compared  with  their  distance 
from  the  centre  of  the  earth,  that  their  gravity  is  confidered 
as  aCting  in  parallel  lines,  without  any  fenfible  error,  fo  that 
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the  centrifugal  force  ariiing  from  the  rotation  about  that  centre 
is  altogether  negleCted.  But  when  we  examine  the  motion  of 
a  projectile  in  larger  fpaces,  and  trace  it  in  its  orbit,  we  muft 
Confider  the  aCtion  of  gravity  as  directed  to  a  centre,  and  take 
in  the  centrifugal  force  arifing  from  its  motion  of  rotation  about 
that  centre  ;  and  it  will  appear,  that  there  are  indeed  fome 
laws  of  gravity  which  would  make  the  body  approach  to  the 
centre  continually,  till  it  fall  into  it,  but  that  there  are  other 
laws  which  make  bodies  approach  to  the  centre,  and  fuffer 
them  to  recede  from  it,  by  turns.  How  to  diftinguifh  thefe 
we  fhall  now  confider. 

In  the  firft  place,  it  will  be  eafily  underftood  that  if  s  [Fig.  63) 
be  the  centre  of  attraction,  and  a  body  is  projected  with  a  cer¬ 
tain  force  in  the  line  ae,  perpendicular  to  as,  it  will  deferibe 
the  circle  a  l  a  with  an  equable  motion,  and  after  a  complete 
revolution  return  to  its  firft  place  a,  with  its  firft  motion.  The 
fame  gravity  that  aCted  at  a  upon  it,  and  carried  it  below  the 
tangent  a  e,  aCts  upon  it  at  any  other  point  l,  at  an  equal  dif- 
tance  from  the  centre  s,  and  brings  it  from  the  tangent  at  l 
thro5  the  fame  length  in  the  fame  time.  The  centrifugal  force, 
arifing  from  its  rotation,  being  equal  to  its  gravity,  neither  of 
them  prevails,  and  the  body  therefore  neither  approaches  to 
the  centre  nor  recedes  from  it.  If  you  fuppofe  the  motion  of 
projection  at  a  to  be  increafed,  the  gravity  neceffary  to  keep  it 
in  the  fame  circle  muft  be  increafed  alfo  ;  fo  that  if  the  velocity 
of  the  projection  be  double,  the  gravity  requifite  to  retain  the 
body  in  the  fame  circle  muft  be  quadruple  ;  becaufe  a  k  being 
double  of  al,  the  point  k  falls  four  times  farther  below  the 
tangent  than  the  point  l,  as  we  fhewed  above  :  in  general,  the 
gravity  neceffary  to  retain  a  body  in  the  fame  circle  is  in  the 
duplicate  proportion  of  the  motion  of  projection  ;  and  the  ve¬ 
locity,  therefore,  in  the  fubduplicate  proportion  of  the  gravity ; 

2  fo 
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fo  that  when  the  gravities  are  as  1  to  4,  the  velocities  are  as 
1  to  2. 

3.  If  the  body  is  projected  at  a  lefs  diftance  from  the  centre 
of  attraction,  as  at  d,  with  the  fame  velocity,  the  gravity  muft 
be  greater  to  retain  it  in  a  circle  ;  becaufe  the  curvature  being 
greater,  the  extremity  p  of  the  arc  dp,  equal  to  a  l,  falls 
farther  below  the  tangent  at  d,  than  l  falls  below  the  tangent 
at  a,  in  proportion  as  the  arc  d  p  is  more  curve,  that  is,  in 
proportion  as  the  diftance  s  d  is  lefs  than  s  a.  If  the  velocity 
of  projection  is  increafed  at  d,  fo  that  the  body  defcribe  a 
greater  arc  d  o_  in  the  lame  time,  then  the  force  of  gravity, 
neceffary  to  retain  the  body  in  a  circle  there,  muft  be  increafed 
in  a  duplicate  proportion  ;  becaufe  qt  is  to  p  r  in  the  dupli¬ 
cate  proportion  of  dq  to  dp.  If  the  velocity  at  d,  for  ex¬ 
ample,  is  greater  than  that  at  a  in  proportion  as  s  a  is  greater 
than  s  d,  then  q_t  will  be  to  p  r  as  the  fquare  of  s  a  is  to  the 
fquare  of  sd,  and  q_t  will  be  to  l  m  as  the  cube  of  s  a  is  to 
the  cube  of  s  d  ;  that  is,  the  force  requifite  to  retain  bodies  in 
circles  muft  be  reciprocally  as  the  cubes  of  the  femidiameters, 
when  the  velocities  in  thefe  circles  are  reciprocally  as  the  fe¬ 
midiameters  themfelves  ;  and  co?merfely ,  if  the  gravities  in- 
creafe  as  the  cubes  of  the  diftances  from  the  centre  decreafe, 
the  velocities  neceffary  to  carry  bodies  in  circles,  at  different 
diftances  from  the  centre  of  attraction.,  muft  increafe  in  pro¬ 
portion  as  the  diftances  decreafe. 

4.  In  general,  as  the  gravities  of  bodies  that  defcribe  circles 
about  the  fame  centre  increafe  in  proportion  as  the  fquares  of 
the  velocities  increafe,  and  as  the  diftances  decreafe  ;  it  follows 
eonverfely,  that,  in  order  to  compare  the  velocities  of  pro¬ 
jection  that  are  neceffary  to  carry  bodies  in  circles  at  thefe 

different  diftances,  we  muft  compound  the  proportion  of  the ; 
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gravities  and  the  proportion  of  thefe  diftances  together,  for  this 
compounded  proportion  will  give  that  of  the  fquares  of  the 
requifite  velocities.  So  in  the  folar  fyftem,  if  the  diftances 
of  two  planets  were  as  i  to  4,  the  gravities  being  as  16  to  1, 
thefe  proportions  compounded  give  that  of  16  to  4,  or  of  4  to 
1 3  which  is  that  of  the  fquares  of  the  velocities,  and  therefore 
the  velocities  themfelves  are  as  2  to  1.  In  like  manner  we 
can  determine  the  law  according  to  which  the  velocities,  ne- 
ceftary  to  carry  bodies  in  circles  about  s,  vary  at  any  diftances* 
in  any  given  law  of  gravity. 

5.  If  a  body  is  proje&ed  at  a  [Fig.  64.)  with  a  velocity  Ids 
than  that  which  is  neceftary  to  carry  it  in  a  circle  there,  it  muft 
fall  within  the  circle,  the  centrifugal  force,  arifing  from  the 
motion  of  rotation  about  s,  is  lefs  than  that  which  it  would 
have  in  the  circle  a  l,  in  proportion  as  the  fquare  of  its  ve¬ 
locity  is  lefs,  and  is  therefore  lefs  than  its  gravity  in  the  fame 
proportion  :  the  body,  therefore,  by  the  excefs  of  its  gravity 
above  its  centrifugal  force,  is  made  to  approach  t-o  the  centre. 
The  motion  of  the  body,  as  it  defcends  in  the  orbit  a  m  b, 
muft  be  accelerated  fo  as  to  deferibe  equal  areas  in  equal  times 
about  s,  and  the  velocity  of  its  motion  at  m  muft  be  greater 
than  its  velocity  at  a,  in  proportion  as  sa  is  greater  than  sp, 
the  perpendicular  from  s  on  the  tangent  to  its  orbit  at  m  \  be¬ 
came  if  the  arcs  a  k,  m  n,  be  defcribed  in  the  fame  time,  the 
triangular  fpaces  ask,  msn,  being  equal,  the  bafes  ak,  mn 
muft  be  reciprocally  as  their  altitudes  sa,  sp,  and  the  velocities 
are  as  the  arcs  ak,  mn,  defcribed  in  the  fame  time,  and  there¬ 
fore  reciprocally  as  sa,  s  p.  The  velocity,  therefore,  in  the 
orbit  from  a  to  m,  increafes  in  a  higher  proportion  than  that 
in  which  the  diftances  s  a,  sm  decreafe,  becaufe  s  a  is  to  sp  in 
a  higher  proportion  than  s  a  is  to  s  m  :  only  if  the  direction  of 
the  body  ever  become  perpendicular  again  to  the  ray  drawn 
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from  s,  at  any  point,  as  b,  there  s  m  and  s  p  will  coincide,  and 
the  proportion  of  the  velocities  will  be  the  fame  as  the  reci¬ 
procal  of  the  diftances  s  a,  s  b. 

6.  If  a  body  is  projected  at  b  in  a  direction  perpendicular 
to  s  b,  with  a  velocity  greater  than  that  which  is  neceffary  to 
carry  it  in  the  circle  bgh  about  the  centre  of  attraction,  at 
the  diftance  s  b,  it  muft  be  carried  without  that  circle,  and  re¬ 
cede  from  the  centre  s.  The  centrifugal  force,  in  this  cafe, 
arifing  from  its  motion  of  rotation,  is  greater  than  that  which 
would  arife  from  its  motion  in  the  circle  bgh,  and  therefore 
greater  than  its  gravity  ;  and  by  the  excefs  of  its  centrifugal 
force  above  its  gravity,  it  recedes  from  s  the  centre  of  attra&ion. 
The  motion  of  the  body  decreafes  as  it  rifes,  being  retarded  by 
the  action  of  its  gravity,  fo  that  the  velocity  is  always  lefs  than 
the  velocity  at  b,  in  proportion  as  s  b  is  lefs  than  s  py  the  per¬ 
pendicular  from  s  on  the  direction  of  its  motion, 

7.  A  planet  defcends  from  a,  which  is  called  its  higher 
apfisy  to  b,  which  is  called  its  lower  apfisy  and  reafcends  again 
from  b  to  a.  It  defcends  from  a,  approaching  to  the  centre  of 
attraction,  becaufe  its  velocity  at  a  is  lefs  than  that  which 
Would  be  able  to  carry  it  in  a  circle  about  s,  at  the  diftance 
s  a.  As  it  defcends  to  leffer  diftances,  its  velocity  in  its 
orbit  increafes  in  a  higher  proportion  than  the  velocities, 
which  would  be  fufEcient  to  carry  bodies  in  circles  at  thefe 
diftances,  increafe.  For  the  velocity  in  the  orbit  at  b  is  greater 
than  that  at  a,  in  proportion  as  s  a  is  greater  than  s  b  ;  whereas 
the  volocity  in  a  circle  at  b  is  greater  than  the  velocity  in  a 
circle  at  a,  as  </  s  a  is  greater  than  */s  b.  If  s  a  were  to  s  b  as 
4  to  1,  the  firft  proportion  would  be  that  of  4  to  1,  but  the 
fecond  that  of  2  to  1  only.  Hence  it  appears  how  the  velocity 
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in  the  orbit  at  b,  exceeds  that  in  a  circle  at  the  fame  diftance, 
tho’  the  velocity  in  the  orbit  at  a  was  exceeded  by  the  velocity 
that  was  able  to  carry  it  in  a  circle  at  the  diftance  s  a.  In  the 
higher  part  of  the  orbit,  the  velocity  of  the  body  is  lefs  than 
that  which  would  carry  it  in  a  circle  there  about  s  j  but  the 
velocity  in  the  orbit  increafes  more,  by  the  approach  of  the 
body  to  the  centre  of  attraction,  than  the  velocities  requifite 
for  carrying  bodies  in  circles  do,  and  fo  gets  the  better  of  them 
in  the  lower  part  of  the  orbit.  Of  thefe  two  each  prevails 
over  the  other  by  turns,  in  the  two  apfides ;  the  velocity  in  the 
circle  in  the  higher  apfis,  and  the  velocity  in  the  orbit  in  the 
lower  apfis.  After  the  body  is  carried  off  at  b  by  its  fuperior 
velocity,  the  velocity  in  a  circle  afterwards  gets  the  better,  be- 
caufe  it  does  not  decreafe  fo  quickly  as  the  velocity  in  the 
orbit,  and  the  body  is  made  to  move,  in  its  afcent,  in  a  femi- 
ellipfe  equal  and  fimilarly  fituated  to  that  which  it  defcribed 
in  its  defcent. 

8.  The  gravity  indeed  at  b  is  greater  than  the  gravity  at  a, 
in  proportion  as  the  fquare  of  the  diftance  is  lefs.  But  the 
centrifugal  force  ariftng  from  the  circular  motion  about  s  in- 
creafes  in  a  higher  proportion,  %/iz •  as  the  cubes  of  the  dif- 
tances  decreale  j  for  thele  centrifugal  forces  aie  in  the  dii  cct 
proportion  of  the  fquares  of  the  velocities  and  their  inverfe 
proportion  of  the  diftances,  compounded  together  :  the  firft  of 
thefe  is  the  inverfe  proportion  of  the  fquares  of  the  diftances, 
and  the  two  together  compound  the  inverfe  proportion  of  the 
cubes  of  the  diftances.  The  centrifugal  forces,  therefore,  in- 
creafe  more  quickly  than  the  gravities  j  and  tho  the  gravities 
prevail  in  the  higher  part  of  the  orbit,  the  centrifugal  forces  get 
the  better  in  the  lower  part  of  it.  The  gravity  prevailing  in 
the  higher  apfts  makes  the  body  approach  to  s,  the  centrifugal 
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force  prevailing  in  the  lower  apfis  makes  the  body  recede  from 
it ;  and,  by  their  adtions,  the  body  for  ever  revolves  from  the  one 
to  the  other. 

'*  ...  . « 

9.  It  is  eafy  to  fee  from  what  we  have  faid,  that  the  body- 
can  defcend  from  the  higher  apfis  to  the  low er ,  and  afcend 
again  from  the  lower  apfis  to  the  higher,  when  the  velocities 
neceffary  to  carry  bodies  in  circles  about  the  centre  of  attraction 
increafe,  in  approaching  to  that  centre,  in  a  lefs  proportion 
than  the  velocity  of  a  body  moving  in  an  orbit  a  mb  increafes. 
For  tho’  the  velocity  in  a  circle  in  the  greater  diftances  exceed 
the  velocity  in  the  orbit,  this  latter,  by  increafing  more  quickly 
as  the  diftance  decreafes,  gets  the  better  of  the  other  in  the 
]ower  part  of  the  orbit,  and  carries  the  body  off  again.  But 
if  the  velocities  by  which  circles  can  be  defcribed  about  the 
centre  of  attraction  increafe,  in  approaching  to  that  centre,  in 
a  higher  proportion,  or  in  the  fame  proportion,  as  the  velocity 
in  the  orbit  increafes,  then  this  latter  having  been  fuppofed  at 
a  lefs  than  the  former,  it  mull  always  continue  let  than  it, 
and  never  get  the  better  of  it,  fo  as  to  be  able  to  carry  off  the 
body;  and  therefore, 'in  all  fuch  cafes,  the  body  can  never 
recede  from  the  centre  after  it  has  once  begun  to  approach  to  it, 
but  mull  defcend  to  diftances  lefs  and  lefs,  till  it  fall  into  the 
centre.  It  approaches  at  a,  becaufe  its  velocity  is  lefs  than  that 
which  is  requifite  to  carry  it  in  a  circle  there  i  its  velocity  in¬ 
deed  increafes  as  it  defeends  to  lefler  diftances,  but  the  velo¬ 
cities  which  would  carry  bodies  in  circles  at  thefe  diftances 
about  s,  increafing  alfo  in  as  great  a  proportion,  the  velocity 
in  the  orbit  muft  ftill  continue  to  be  lefs  than  in  thefe  circles, 
and  the  body  muff  ftill  continue  to  approach  to  the  centre. 
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10.  To  fix  the  limit  of  thefe  two  cafes,  we  are  to  confider, 
that  the  velocities  in  an  orbit,  at  a  and  b,  are  in  the  inverted 
proportion  of  the  diftances  there  from  the  centre  of  gravitation  ; 
and  that,  if  the  gravity  increafe  as  the  cubes  of  the  diftances 
decreafe,  the  velocities  neceftary  to  deferibe  circles  at  a  and  b 
are  in  the  fame  inverted  proportion  of  the  diftances  at  a  and  b 
from  s.  In  this  cafe,  therefore,  the  velocities  in  circles, 
and  in  the  orbit  at  a  and  b,  vary  in  the  fame  proportion,  and 
the  fame  which  exceeds  at  the  one  diftance  muft  exceed  at  the 
other  ;  fo  that,  for  the  fame  reafon  for  which  the  body  ap¬ 
proached  to  s  at  a,  it  would  approach  to  it  at  b,  and  if  it  re¬ 
ceded  from  it  at  b,  it  muft  recede  Irom  it  at  a  ;  that  is,  if  it 
once  begin  to  approach,  it  muft  always  approach  to  s,  and  if 
it  once  begin  to  recede,  it  muft  always  recede  from  it.  This 
alfo  appears  from  what  we  faid  of  the  centrifugal  force,  which, 
in  the  fame  orbit,  increafes  as  the  cube  oi  the  diftance  de- 
creafes  ;  and  consequently  in  the  fame  proportion  in  which  the 
gravity  is  fuppofed  to  increafe  in  this  cafe  ;  fo  that,  of  thefe 
two,  which  ever  is  fuppofed  to  prevail  in  any  one  apfid,  the 
fame  muft  prevail  in  any  other  apfid,  if  fuch  could  be  afligned  ; 
and  the  body  muft  either  defeend  continually  to  the  centre,  or 
rife  from  it  for  ever. 

ii.  If  the  gravity  increafe  in  a  higher  proportion  than  as 
the  cubes  of  the  diftances  from  the  centre  of  attra&ion  de¬ 
creafe,  then  the  velocities  neceftary  to  carry  bodies  in  circles 
about  that  centre,  in  approaching  to  it,  will  increafe  in  a 
higher  proportion  than  the  diftances  decreafe  }  that  is,  in  a 
higher  proportion  than  the  velocity  in  an  orbit  increafes  from 
a  to  b  ;  fo  that  as  the  velocity  in  a  circle  at  a  exceeded  the 
velocity  in  the  orbit  there,  it  will  much  more  exceed  it  at  b  ; 

and  therefore  the  body,  a&ed  on  by  a  gravity  varying  in  fuch  a 

manner. 
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manner,  muft  approach  to  the  centre  till  it  fall  into  it,  if  it 
once  begin  to  approach  to  it  at  a  ;  and  if  it  once  begin  to  i  e- 
cede  from  it,  it  muft  continue  to  recede  from  it  for  ever.  ^  The 
higher  the  power  of  the  diftance  is  to  which  the  gravity  is  re¬ 
ciprocally  proportional,  the  body  will  defcend  in  a  lefs  number 
of  revolutions  to  the  centre,  in  like  circumftances.  If  the 
gravity  is  reciprocally  proportional  to  the  cubes  of  the  diftances, 
the  body  will  defcend  after  an  infinite  number  of  revolutions. 
If  the  gravity  increafe  as  the  4^  power  of  the  diftance  de- 
creafes,  and  the  body  is  projected  at  a  with  a  velocity  leis  than 
that  which  would  carry  it  in  a  circle  about  s  in  proportion  as 
^  2  is  lefs  than  ✓  3,  the  body  will  defcribe  a  certain  epicycloid 
about  s,  and  fall  into  it  after  half  a  revolution.  If  the  gra¬ 
vity  increafe  as  the  3  th  power  of  the  diftance  decreafes,  and 
the  velocity  of  the  projection  be  to  that  which  would  carry  it 
in  a  circle  about  the  centre  s  as  1  is  to  sf  2,  it  will  defcend  in 

*  a  femicircle  defcribed  on  the  diameter  s  a,  and  fall  into  the 
centre  in  a  quarter  of  a  revolution.  If  the  gravity  increafe  as 
the  7  th  power  of  the  diftance  decreafes,  and  thefe  velocities 
be  as  1  to  ✓  3,  it  will  fall  into  the  centre  in  \  of  a  revolution. 
In  general,'  if  gravity  increafe  as  the  n+  3  power  of  the  dif¬ 
tance  decreafes,  and  the  velocity  of  projection  at  a  he  to  the 
velocity  which  would  carry  the  body  in  a  circle  theie,  about  s, 

as  1  to  j  1  +  j,  it  will  fall  into  the  centre  in  the  £  part  of  a 
revolution.  If  the  gravity  increafe  as  the  3™  power  of  the 

\  diftance  decreafes,  and  the  velocities  be  as  1  to  s/  1  4  ^he 
body  muft  fall  into  the  centre  after  30  revolutions.  We  can¬ 
not  pretend  to  demonftrate  thefe  things  here,  and  have  men¬ 
tioned  them  only  to  illuftrate  this  theory  * . 

*  See  Treatife  of  Fluxions,  Art,  437* 
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12.  If  the  gravity  increafe  in  a  lefs  proportion  than  that  in 
-  which  the  cubes  of  the  diftances  decreafe,  the  velocities,  ne- 
ceffary  to  carry  bodies  in  circles  about  the  centre  s,  will  in¬ 
creafe,  in  approaching  to  it,  in  a  lefs  proportion  than  the 
iimple  proportion  in  which  the  diftances  decreafe,  and  there¬ 
fore  in  a  lefs  proportion  than  the  velocity  in  the  orbit  from  a 
to  b  ;  fo  that,  tho’  the  former  exceed  in  the  greater  dif¬ 
tances,  the  latter  may  exceed  in  the  leffer  diftances,  and 
the  body  may  confequently  defcend  from  the  higher  apfts 
to  the  lower,  and  afcend  from  the  lower  apfts  to  the  higher  by 
turns.  The  gravity  may  prevail  over  the  centrifugal  force  in 
the  higher  parts  of  the  orbit,  but,  increafing  more  flowly  in 
defcending  to  the  leffer  diftances  than  the  centrifugal  force,  it 
is  overcome  by  it  in  the  lower  parts  of  the  orbit,  and  the  body  is 
made  to  recede  again  to  its  firft  diftance.  If  the  gravity  in¬ 
creafe  as  the  cubes  of  the  diftances  decreafe,  the  body  never 
can  arrive  at  the  lower  apfts  b.  If  the  gravity  increafe  as  the 
fquares  of  the  diftances  decreafe,  the  body  will  defcend  in  a 
ferni-ellipfe  from  the  higher  to  the  lower  apfts  in  half  a  revo¬ 
lution. 

i  3.  If  the  gravity  increafe  in  the  reciprocal  proportion  of 
fome  power  of  the  diftance  betwixt  the  fquare  and  cube,  the 
body  will  take  more  than  half  a  revolution  to  defcend  from  the 
higher  to  the  lower  apfts,  the  more  the  increafe  of  gravity  ap¬ 
proaches  to  the  reciprocal  proportion  of  the  cubes  of  the  dif¬ 
tances  ;  for  the  velocity  in  the  orbit  will  find  the  more  difficulty 
to  get  the  better  of  the  motion  that  would  carry  the  body  in  a 
circle,  or  the  centrifugal  force  will  with  more  difficulty  get  the 
better  of  the  gravity.  But  if  the  gravity  increafe  in  proportion 
as  fome  power  of  the  diftance  lefs  than  the  fquare  decreafes* 
the  velocities  in  circles,  increafing  lefs  in  approaching  to  the 
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centre  the  velocity  in  the  orbit  will  the  more  eafily  prevail, 
and  the  centrifugal  force  will  fooner  exceed  the  gravity  ;  and 
therefore  the  body  will  defcend  to  the  lower  aphs  in  Ids  than 
half  a  revolution,  and  return  to  the  higher  aplis  in  lefs  than  a 
complete  revolution.  From  which  it  appears,  that  as  the 
apfides  are  fixed  in  the  regular  courfe  of  gravity,  that  is,  while 
it  increafes  as  the  fquares  of  the  diftances  decreafe,  they  mult 
be  carried  forwards,  in  the  diredion  of  motion  of  the  body, 
when  gravity  varies  in  a  higher  proportion  than  that,  and  mult 
be  carried  backwards  with  a  contrary  motion  when  gravity 
varies  lefs  than  in  that  proportion.  As  a  change  from  the 
proportion  of  the  fquares  to  that  of  cubes  gives  an  infinite  mo¬ 
tion  to  the  apfides,  fo  that  the  body  never  arrives  at  either  or 
them  again  ;  a  very  fmall  change  in  the  courfe  of  gravity  will 
produce  a  fenfible  motion  in  the  apfides,  and  the  leaft  change 
from  the  regular  courfe  of  gravity  mull  become  very  fenfible, 
in  a  great  many  revolutions,  by  the  motion  of  the  apfides. 
From  which  we  learn,  that  fince  the  apfides  of  the  planets 
have  fo  fmall  a  motion  that  fotne  aftronomers  negled  it  alto¬ 
gether  and  doubt  if  there  is  indeed  any  fuch  motion  at  all, 
we  may  conclude  that  their  gravity  mull  obferve  very  accurately, 
in  its  variations,  the  law  of  the  fquares  of  the  diftances. 

4  W  I-, 

1 4..  Our  author,  to  reduce  to  a  computation  the  motion  of 
the  apfides  arifing  from  a  variation  from  the  regular  courfe  ol 
gravity,  fuppofes,  with  aftronomers,  that  the  body  moves  111 
an  ellipfe  that  is  carried  at  the  fame  time  with  a  regular  motion 
about  s  which,  in  an  entire  revolution,  gives  the  motion  ot 
the  apfides.  In  a  quiefcent  ellipfis,  (Fig.  65.)  the  curvature  at  * 
a  and  b  being  the  feme,  the  centripetal  forces  there  were  found, 
above,  to  follow  the  inverfe  proportion  of  the  squares  or  the 
diftances  s  a,  s  b.  Suppofing  that  the  body  moves  in  the  el¬ 
lipfe  alb ,  while  this  ellipfe  itfelf  is  carried  about  s  with  an  an- 

S  f  2  *~ 


gular 

O 


3 1 6  Sir  I  S  A  A  C  N  E  W  T  O  N’s  Book  IV. 

gular  motion,  fo  that,  5  /  in  the  moveable  orbit  being  equal  to 
s  l  in  the  fixed  orbit,  the  angle  a  s  /  may  be  to  as l  in  a  con- 
ilant  invariable  proportion,  fuppofe  that  of  g  to  f  ;  then  the 
increments  of  thefe  angles,  while  s  l  and  s  /  decreafe  equally, 
will  obferve  the  fame  conftant  proportion  ;  and  the  angular 
motions  about  s  of  two  bodies  /  and  l,  revolving  in  the  fame 
time  in  thefe  orbits,  will  be  in  the  fame  proportion,  as  alfo 
the  areas  defcribed  by  rays  drawn  from  thefe  bodies  to  s  :  fo 
that  if  the  bodies  be  projected  together  at  a  with  velocities  in 
the  fame  proportion,  and  are  ahted  on  by  the  neceffary  centri¬ 
petal  forces,  they  will  move  in  thefe  orbits,  and  approach 
equally  towards  s,  and  arrive  at  /  and  l  in  the  fame  time. 
The  motion  of  approach  to  the  centre  being  the  fame  at  equal 
diftances  from  it,  and  this  motion  being  caufed  by  the  excefs  of 
their  gravities  above  the  centrifugal  forces  arifing  from  their 
circular  motions  about  s  ;  the  gravity  will  exceed  the  centri¬ 
fugal  force  in  the  one  orbit  by  the  fame  excefs  as  in  the  other, 
and  therefore  the  difference  of  the  centrifugal  forces  mu  ft  be 
the  fame  as  the  difference  of  their  gravities  ;  fo  that,  to  find 
the  gravity  in  the  moveable  orbit,  we  are  to  add  to  the  gravity 
in  the  fixed  orbit,  at  the  fame  diftance,  the  excefs  of  the  centri¬ 
fugal  force  in  the  moveable  orbit  there,  above  the  centrifugal 
force  in  the  fixed  orbit  at  the  fame  diftance.  Thefe  centri¬ 
fugal  forces  are  in  a  given  proportion  to  each  other,  viz.  in 
that  of  the  fquares  of  the  angular  motions,  or  in  the  proportion 
of  g2  to  f5,  and  their  difference  muft  be  in  a  given  propor¬ 
tion  to  either  ;  the  fame,  centrifugal  forces,  at  different  dif- 
tances,  are  reciprocally  as  the  cubes  of  the  diftances,  as  we 
fhewed  above,  and  their  differences  muft  vary  im  the  fame  pro¬ 
portion  :  fo  that  the  difference  of  the  gravities  in  the  moveable 
and  immoveable,  muft  vary  in  the  reciprocal  proportion  of  the 
cubes  of  the  diftances.  x 
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15.  If  the  ellipfe  is  carried  about  s  with  a  progreflive  mo¬ 
tion,  that  is  in  the  dire&ion  of  the  motion  of  the  body,  the 
angular  motion  of  the  body  in  the  moveable  orbit  is  greater 
than  in  the  fixed  orbit,  and  the  centrifugal  force,  and  confe- 
quently  the  gravity,  is  greater.  But  if  the  ellipfe  is  carried 
about  s  with  a  retrograde  motion,  the  angular  motion  in  the 
fixed  orbit,  and  confequently  the  gravity,  is  leffer.  In  the  firft 
cafe,  the  difference  of  the  centrifugal  forces  is  to  be  added  to 
the  gravity  in  the  fixed' orbit,  to  find  the  gravity  in  the  re¬ 
volving  orbit  at  the  fame  diftance  from  s.  In  the  latter  cafe, 
the  difference  of  the  centrifugal  forces  is  to  be  fubtra&ed  from 
the  gravity  in  the  fixed  orbit,  to  find  the  gravity  in  the  revolv¬ 
ing  orbit  at  the  fame  diftance  from  s. 

16.  The  force  in  the  fixed  ellipfe  increafes  as  the  fquare  of 
the  diftance  decreafes  ;  add  to  this  a  force  that  increafes  as  the 
cube  of  the  diftance  decreafes,  and  the  fum  muft  increafe  in  a 
higher  proportion  than  that  of  the  fquares  of  the  diftances,  but 
never  in  fo  high  a  proportion  as  their  cubes.  A  body  therefore 
that  moves  in  an  ellipfe  that  has  itfelf  a  progreffive  motion  about 
s,  muft  be  adted  on  by  a  force  that  varies  according  to  fome 
power  of  the  diftance  higher  than  the  fquare,  but  lefs  than  the 
cube.  The  greater  this  motion  of  the  ellipfe  is,  the  greater 
is  the  excefs  of  the  centrifugal  force  in  the  moveable  ellipfe 
about  that  in  the  fixed  ellipfe,  at  the  fame  diftance  from  s ; 
and  the  greater  is  the  quantity  that  varies  as  the  cube  of  the 
diftance  in  the  aggregate,  in  proportion  to  that  which  varies 
in  it  as  the  fquare  of  the  diftance  only  ;  and  the  more  does  the 
proportion  of  the  aggregate  vary  from  that  of  the  fquares  to¬ 
wards  that  of  the  cubes  of  the  diftances.  In  fuch  a  move- 
able  ellipfe,  the  gravity,  which  is  as  the  aggregate,  cannot  be 
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faid  to  vary  in  the  proportion  of  any  one  power  of  the  dif- 
tance  accurately  ;  but  if  the  ellipfe  is  very  near  to  a  circle,  the 
proportion  of  the  aggregate  will  be  found  to  vary  very  nearly 
as  a  certain  power  of  the  diftance,  and  the  motion  of  the 
ellipfe  may  be  adjufted  fo  as  that  the  aggregate  may  vary, 
very  nearly,  as  any  power  of  the  diftance  that  can  be  afligned 
betwixt  the  fquares  and  the  cubes. 

17.  If  from  a  force  that  increafes  as  the  fquare  of  the  dif¬ 
tance  decreafes,  you  fubduft  a  force-that  increafes  in  a  higher 
proportion,  viz.  as  the  cube  of  the  diftance  decreafes,  the  re¬ 
mainder  rnuft  increafe  in  a  lefs  proportion  than  that  in  which  the 
fquare  of  the  diftance  decreafes.  A  body,  therefore,  that 
moves  in  an  ellipfe  which  revolves  itfelf  at  the  fame  time  with 
a  retrograde  motion  about  s,  muff  be  adted  on  by  a  gravity  that 
varies  in  a  lefs  proportion  than  the  fquare  of  the  diftance  ;  and 
the  greater  the  motion  of  the  ellipfe  is,  the  gravity  will  vary  in 
a  lefs  proportion,  fo  that  if  the  motion  of  the  ellipfe  be  fuf- 
ficiently  great,  the  gravity  may  decreafe  inftead  of  increafing 
as  the  diftance  decreafes.  By  fuppoftng  the  orbit  near  to  a 
circle,  the  motion  of  the  ellipfe  may  be  adjufted,  that  the  re¬ 
mainder  may  vary  according  to  any  proportion  lefs  than  that 
of  the  fquares  of  the  diftances. 

18.  Our  author  has  made  an  improvement  of  this,  to  judge 
of  the  motion  of  the  apftdes  in  any  law  of  gravity  :  for,  by 
fuppoftng  the  gravity  in  the  moveable  ellipfe,  when  near  to  a 
circle,  computed  from  the  forefaid  principles,  to  vary  according 
to  any  given  law,  he  determines  what  muft  be  the  motion  of 
the  ellipfe,  or  of  the  apftdes,  in  confequence  of  this  fuppoft- 
tion  ;  or,  the  motion  of  the  ellipfe  being  given,  he  determines 
what  is  the  power  of  the  diftance  according  to  which  the  gra- 
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vity  varies,  nearly,  when  the  ellipfe  revolves  with  that  given 
motion  *. 

19.  We  have  faid  as  much  as  our  defign  will  allow  us,  of 
the  motions  arifing  from  gravity,  that  are  performed  in  re¬ 
gular  revolutions  from  the  one  apfis  to  the  other  ;  where  the 
didance  from  the  centre  of  gravitation  varies  indeed,  but  fo  as 
to  keep  within  certain  limits,  betwixt  which  the  body  con- 
dantly  revolves  ;  and  we  have  fhewn  that  the  motion  of  the 
body  may  be  of  this  kind,  if  the  gravity  decreafe  in  a  lefs  pro¬ 
portion  than  that  in  which  the  cubes  of  the  didances  from  the 
centre  increafe.  But  the  motion  of  the  body  is  not  always  of 
this  kind,  in  thefe  cafes  ;  for  if  the  velocity  of  projection  at  » 
is  fufficiently  great,  the  body  will,  in  feme  of  thefe  cafes, 
recede  for  ever  from  the  centre  of  gravitation,  and  never  arri\  e 
at  the  higher  apfis  a.  We  have  already  (hewed  that  if  the  gra¬ 
vity  decreafe  as  the  cubes,  or  any  higher  powers,  of  the  dis¬ 
tance  increafe,  and  the  velocity  at  b  exceed,  in  the  lead,  that 
which  would  carry  the  body  in  a  circle  there,  about  the  centre 
of  gravitation,  it  will  recede  from  s  for  ever.  Xi  the  gravity 
decreafe  in  a  lefs  proportion  than  that  of  the  cubes  of  the  in- 
ereafing  diftances,  it  may  be  proje&ed  at  b  with  a  motion 
which  will  dill  carry  it  for  ever  from  the  centre,  provided  the 
gravity  decreafe  in  a  proportion  greater  than  that  in  which  the 
didances  increafe  :  for  the  limit  here  is  the  inverfe  Simple  pro¬ 
portion  of  the  didances.  If  gravity  vary  more,  the  body  may 
be  carried  off  for  ever  from  the  centre  by  a  finite  motion  of 
projection  ;  but  if  the  gravity  varies  in  that  proportion,  or  in 
any  lefs  proportion,  then  no  finite  force  will  ce  abac  to  make 
the  body  move  in  fuch  a  manner,  as  to  recede  from  the  centre 
s  for  ever  :  but  the  body  in  thofe  cafes  mud  always  revolve 
betwixt  the  two  apfides . 

*  See  Princip,  Lib.  I.  Se£L  9* 
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20.  In  order  to  fee  this,  we  may  firft  fuppofe  a  body  to  be 
projected  perpendicularly  to  the  horizon,  that  is  adted  on  by 
a  gravity  decreafmg  in  a  higher  proportion  than  that  of  the 
increafmg  diftances  ;  and  if  the  force  of  projedion  be  fuffici- 
ently  great,  it  will  rife  for  ever  with  a  motion  continually  re¬ 
tarded  by  the  adion  of  its  gravity,  but  that  fhall  never  be  al¬ 
together  deftroyed  by  thefe  adions  •  becaufe  they  decreafe  in 
fuch  a  manner  that  the  fum  of  an  infinite  number  of  them 
amounts  to  a  finite  quantity. 


2 1 .  The  fame  law  of  gravity  is  the  limit  betwixt  the  cafes 
of  infinite  afcents,  in  curvilineal  motions  and  in  redilineal  : 
for  our  author  has  fhewn,  that  if  one  body  move  in  a  curve, 
and  another  afcend  or  defcend  in  a  right  line,  aded  on  by  the 
fame  gravity,  and  their  velocities  be  equal  in  any  equal  alti¬ 
tudes,  they  will  be  equal  in  all  other  equal  altitudes  *  :  and 
fince  the  gravity  of  the  body  projeded  upwards  in  a  vertical 
line,  with  a  certain  affignable  force,  is  not  able  to  bring  it 

*  Suppofe  the  velocities  of  bodies  l  and  p  {Fig.  66.)  to  be  equal  at  l  and  p,  at 
equal  diftances  sl,  sp;  and  let  them  defcribe  the  very  fmall  lines  l  /,  p  p,  fo  that 
sp  being  equal  to  s7,  andpN7/  a  circular  arc  defcribed  from  the  centre  s  meeting  sl 
in  n,  l  n  muft  be  equal  to  p  p.  The  gravity  of  l  toward  s  may  be  refolved  into 
two  forces,  one  of  which  may  be  reprefented  by  lr,  and  a<fts  in  the  dire&ion  of  the 
tangent  l  r,  the  other  in  a  diredlion  r  s  perpendicular  to  the  tangent  or  the  direction 
of  the  body’s  motion.  The  latter  has  no  effedt  in  accelerating  its  motion,  being 
perpendicular  to  it,  and  the  former  is  to  the  gravity,  as  l  r  is  to  s  l,  or  as  l  n  is  to 
l  l.  The  motion  of  the  body  p  is  accelerated  by  its  whole  gravity,  fo  that  the  forces 
which  accelerate  the  bodies  l  and  p  are  to  each  other,  as  l  n  (or  pp)  to  l  /;  but  the 
velocities  at  l  and  p  having  been  equal,  the  times  in  which  l  /  and  p  p  are  defcribed 
are  in  the  proportion  of  the  fpaces  l  /  and  p  p  •,  fo  that  tho*  the  body  l  is  accelerated 
by  a  lefs  force  in  defcending  to  /,  the  time  of  its  acceleration  is  greater  in  the  fame 
proportion  :  from  which  it  appears  that  their  accelerations  are  equal  in  defcribing 
thefe  fpaces,  and  their  velocities  confequently  equal  at  /  andp.  The  velocities  there¬ 
fore  of  thefe  bodies  muft  be  equal  in  all  equal  altitudes.  See  Princip.  Math.  Lib.  I. 
Prop.  40. 
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back  again  ;  it  will  not  be  able  to  make  it  return,  if  it  was 
projeded  with  the  fame  force  obliquely  upwards,  io  as  to  move 
in  a  curve.  For  the  centrifugal  force,  arifing  from  the  motion 
of  rotation  about  s,  leffens  the  effed  of  the  gravity,  and 
makes  it  lefs  capable  to  deftroy  the  motion  of  afcent  in  this 
cafe,  than  in  the  cafe  of  a  perpendicular  afcent.  Therefore  if 
gravity  varies  in  the  reciprocal  proportion  of  fome  power  of  the 
diftance  higher  than  unit,  a  body  may  run  out  to  infinity  in 
its  orbit,  if  it  be  projeded  with  a  certain  force. 

22.  If  this  force  is  the  fame  which  it  would  acquire  by  fall¬ 
ing  from  an  infinite  height,  it  will  go  off  in  a  curve  of  the 
parabolic  kind.  But  if  it  is  projeded  with  a  greater  force  than 
that  which  would  be  acquired  even  by  an  infinite  defeent,  the 
curve  will  be  of  the  hyperbolic  kind.  If  it  is  projeded  with  the 
fame  velocity  which  it  would  acquire  by  falling  from  an  in¬ 
finite  height  (affuming  different  laws  of  gravity,  but  other 
circumftances  fimilar)  it  will  go  off  to  infinity  after  a  greater  or 
lefs  part  of  a  revolution,  or  after  a  greater  or  fmaller  number 
of  revolutions,  according  as  the  power  or  the  diftance,  which  is 
reciprocally  proportional  to  the  gravity,  is  greater  or  lefs.  The 
limit  here  is  a  quarter  of  a  revolution  from  the  apfis,  or  the 
place  where  the  diredion  of  the  body’s  motion  is  perpendicular 
to  the  line  drawn  to  the  centre  ;  for  it  mull  always  take  more 
than  that  to  get  off  from  the  apfis  to  an  infinite  diftance.  Ii 
gravity  obferve  the  reciprocal  fefquiplicate  proportion  of  the  dif¬ 
tance,  then  the  body  will  go  off  in  j  of  a  revolution.  If  it  ob¬ 
ferve  the  reciprocal  duplicate,  it  will  go  off  for  ever  in  a  pa¬ 
rabola,  in  half  a  revolution.  If  it  obferves  the  reciprocal  f 
power  of  the  diftance,  it  will  go  off  in  a  complete  revolution. 
But  if  gravity  obferve  the  reciprocal  triplicate  proportion  of  the 

T  t  diftance, 
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diftance,  and  the  body  be  projeded  oblique  to  the  radius,  it 
will  go  off  in  an  infinite  number  of  revolutions  *. 


23.  If  gravity  decreale  in  a  left  proportion  than  the  recipro¬ 
cal  fimple  proportion  of  the  diftances,  and  a  body  is  projeded 
from  the  apfis  with  any  finite  force  whatfoever,  it  cannot  rife 
for  ever  ;  but  will  have  the  fame  velocity  at  any  diftance,  as  it 
would  have  had  at  the  fame  diftance,  fuppofing  it  had  been  pro- 
jeded  at  a  diredly  upwards  with  the  fame  force  of  projedion : 
and  fince  any  finite  force  would  have  been  deftroyed  in  the  per¬ 
pendicular,  "if  the  body  move  in  a  curve  it  muft  return  again, 
and  after  paffing  the  higher  apfis,  defcend  again  to  the  lower  apfis, 
tho’  that  apfis  be  not  in  the  fame  place  as  before.  If  gravity 
increafe  as  the  diftance  increafes,  a  fortiori  the  body  will  never 
be  able  to  afcend  to  an  infinite  diftance.  Thefe  obfervations 
fhew  the  limits  of  the  various  forts  of  motions,  that  can  pro¬ 
ceed  from  various  laws  of  gravity. 


*  In  general,  if  gravity  vary  as  the  m  power  of  the  diftance  reciprocally,  and  the  body 
is  projected  obliquely  upwards  with  a  force  that  is  to  that  which  could  carry  it  in  a  circle 

as  1  to  </”-~q  it  will  rife  for  ever  from  thecentre,  and  go  off  in  the  6  _  -  m  part  of  a 

revolution,  or  in  the  ;  n  part  of  the  revolution.  Suppofmg  V  to  be  the  excefs  of 
above  the  number  m.  If  the  gravity  follow  the  reciprocal  proportion  of  the 
power  of  the  diftance,  the  body  will  go  off  in  50  revolutions.  See  Fluxions,  §416, 
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CHAP  IV. 

Of  the  motion  of  the  moon. 

j  WJE  have  explained  the  motions  of  the  bodies  in 
W  the  folar  fyftem,  from  gravity,  and  have  taken  no¬ 
tice  of  fome  inequalities  or  errors  in  their  motions,  that  arfte 
from  the  fame  principle.  But  the  manifold  irregularities  that 
are  produced  by  it  in  the  motion  of  the  moon  deferve  parti¬ 
cularly  to  be  confidered,  as  die  is  the  neareft  to  us  in  the 
fyftem,  and  as  great  advantages  might  be  deduced  from  her 
motions,  if  they  could  be  fubjeded  to  exact  computation. 
Formerly,  they  who  built  fyftems  had  great  difficulties  to  re¬ 
concile  their  principles  with  the  phenomena  :  our  author  anti¬ 
cipates  obfervations,  and  the  more  perfed  our  knowledge  of  the 
motions  in  the  fyftem  ftiall  become,  the  more  will  this  philo- 
fophy  be  efteemed.  Pofterity  will  fee  its  excellence  yet  more 
fully  than  we  do,  when  the  celeftial  motions  {hall  be  deter¬ 
mined  more  accurately,  by  a  feries  of  long-continued  exadt 

obfervations# 

2 .  To  give  the  principles  of  our  author’s  computations  on  this 
perplexed  fubjed,  in  as  plain  a  manner  as  poffible,  we  muft 
recoiled  what  has  been  already  obferved  ;  that  ft  the  fun  aded 
equally  on  the  earth  and  moon,  and  always  in  parallel  lines, 
this  adion  would  ferve.  only  to  reftrain  them  in  their  annual 
motions  round  the  fun,  and  no  way  affed  their  adions  on  each 
other,  or  their  motions  about  their  common  centre  of  gravity. 
In  that  cafe,  if  they  were  both  allowed  to  fall  diredly  towards 
the  fun,  they  would  fall  equally',  and  their  relpedive^  fttuations 
would  be  no  way  affeded  by  their  defcending  equally  towards 

T  t  2  ^ 
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h.  We  might  then  conceive  them  as  in  a  plane,  every  part 
of  which  being  equally  aded  on  by  the  fun,  the  whole  plane 
would  defcend  towards  the  fun,  but  the  refpedive  motions  of 
the  earth  and  moon  would  be  the  fame  in  this  plane  as  if  it  was 
quiefcent.  Supposing  then  this  plane,  and  all  in  it,  to  have  the 
annual  motion  imprinted  on  it,  it  would  move  regularly  round 
the  fun,  while  the  earth  and  moon  would  move  in  it,  with  re- 
fped  to  each  other*  as  if  the  plane  was  at  reft,  without  any 
irregularities.  But  becaufe  the  moon  is  nearer  the  fun  in  one 
half  of  her  orbit  than  the  earth  is,  and  in  the  other  half  of  her 
orbit  is  at  a  greater  diftance  than  the  earth  from  the  fun,  and 
the  power  of  gravity  is  always  greater  at  a  lefs  diftance  ;  it 
follows,  that  in  one  half  of  her  orbit  the  moon  is  more  attraded 
than  the  earth  towards  the  fun,  and  in  the  other  half  lefs  at- 
traded  than  the  earth  ;  and  hence  irregularities  neceftarily  arife 
in  the  motions  of  the  moon,  the  excefs,  in  the  firft  cafe,  and 
the  defed,  in  the  fecond,  of  the  attradion,  becoming  a  force 
that  difturbs  her  motion  :  add  to  this,  that  the  adion  of  the 
ftm  on  the  earth  and  moon  is  not  direded  in  parallel  lines,  but 
in  lines  that  meet  in  the  centre  of  the  fun. 

3.  To  fee  the  effeds  of  thefe  powers,  let  us  fuppofe  thdt  the 
projedile  motions  of  the  earth  and  moon  were  deftroyed,  and 
that  they  were  allowed  to  fall  freely  towards  the  fun.  If  the 
moon  was  in  conjundion  with  the  fun,  or  in  that  part  of  her 
orbit  which  is  neareft  to  him,  the  moon  would  be  more  at- 
traded  than  the  earth,  and  fall  with  greater  velocity  towards 
the  fun  ;  fo  that  the  diftance  of  the  moon  from  the  earth 
would  be  increafed  in  the  fall.  If  the  moon  was  in  oppofttion, 
or  in  the  part  of  her  orbit  which  is  fartheft  from  the  fun,  fhe 
would  be  lefs  attraded  than  the  earth  by  the  fun,  and  would 
fall  with  a  lefs  velocity  towards  the  fun  than  the  earth,  and  the 
moon  would  be  left  behind  by  the  earth  ;  fo  that  the  diftance 
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of  the  moon  from  the  earth  would  be  increafed,  in  this  cafe 
alfo.  If  the  moon  was  in  one  of  the  quarters,  then  the  earth 
and  moon  being  both  attraded  towards  the  centre  of  the  fun, 
they  would  both  diredly  defcend  towards  that  centre,  and  by 
approaching  to  the  fame  centre,  they  would  neceffarily  ap¬ 
proach  at  the  fame  time  to  each  other,  and  their  diftance  from 
one  another  would  be  diminilhed,  in  this  cafe.  Now,  where- 
ever  the  adion  of  the  fun  would  increafe  their  diftance,  if  they 
were  allowed  to  fall  towards  the  fun,  there  we  may  be  fure  the 
fun’s  aft  ion,  by  endeavouring  to  feparate  them,  diminifhes 
their  gravity  to  each  other  ;  wherever  the  adion  of  the  fun 
would  diminifh  their  diftance,  there  the  fun’s  adion,  by  endea¬ 
vouring  to  make  them  approach  to  one  another,  increafes  their 
gravity0  to  each  other  :  that  is,  in  the  conjunction  and  op- 
pofttion,  their  gravity  towards  each  other  is  dimjnifhed  by  the 
adion  of  the  fun  ;  but  in  the  two  quarters  it  isincieafed  by 
the  adion  of  the  fun.  To  prevent  miftaking  this  matter,  it 
muft  be  remembred,  it  is  not  the  total  adion  or  the  fun  on 
them  that  difturbs  their  motions,  it  is  only  that  part  of  its 
adion  by  which  it  tends  to  feparate  them,  in  the  fir  ft  cafe,  to 
a  greater  diftance  from  each  other  ;  and  that  part  of  its  adion 
by°  which  it  tends  to  bring  them  nearer  to  each  other,  in  the 
fecond  cafe,  that  has  any  effed  on  their  motions  with  refped  to 
each  other.  The  other,  and  the  far  more  confiderable,  part 
has  no  other  effed  but  to  retain  them  in  their  annual  courfe, 
which  they  perform  together  about  the  ffin. 

14.  In  conffdering,  therefore,  the  effeds  of  the  fun’s  adion 
on  the  motions  of  the  earth  and  moon  with  refped  to  each 
other,  we  need  only  attend  to  the  excefs  of  its  adion  on  the 
moon  above  its  adion  on  the  earth,  in  their  conjundion ;  and 
we  muft  confider  this  excefs  as  drawing  the  moon  from  the 
earth  towards  the  fun  in  that  place.  In  me  opposition,  we 
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need  only  consider  the  excefs  of  the  adion  of  the  fun  on  the 
earth  above  its  adion  on  the  moon,  and  we  muft  confider  this 
excefs  as  drawing  the  moon  from  the  earth,  in  this  place,  in  a 
diredion  oppofite  to  the  former,  that  is,  towards  the  place  op- 
pofite  to  where  the  fan  is  ;  becaufe  we  consider  the  earth  as  qui- 
efcent,  and  refer  the  motion,  and  all  its  irregularities,  to  the 
moon.  In  the  quarters,  we  confider  the  adion  of  the  fun  as 
adding  fomething  to  the  gravity  of  the  moon  towards  the 
earth. 

5.  Suppofe  the  moon  fetting  out  from  the  quarter  that  pre¬ 
cedes  the  conjundion,  with  a  velocity  that  would  make  her 
defcribe  an  exad  circle  round  the  earth,  if  the  fun’s  adion  had 
no  effed  on  her  ;  and  becaufe  her  gravity  is  increafed  by  that 
adion,  fire  muft  defcend  towards  the  earth,  and  move  within 
that  circle  :  her  orbit,  there,  will  be  more  curve  than  other- 
wife  it  would  have  been  ;  becaufe  this  addition  to  her  gravity 
will  make  her  fall  farther  at  the  end  of  an  arc  below  the  tan¬ 
gent  drawn  at  the  other  end  of  it ;  her  motion  will  be  accele- 
rated  by  it,  and  will  continue  to  be  accelerated  till  me  arrives 
at  the  enfuing  conjundion ;  becaufe  the  diredion  of  the  adion 
of  the  fun  upon  her,  during  that  time,  makes  an  acute  angle 
with  the  diredion  of  her  motion.  At  the  conjundion,  her 
gravity  towards  the  earth  being  diminifhed  by  the  adion  of  the 
fun,  her  orbit  will  be  lefs  curve  there,  for  that  reafon  ;  and  fhe 
will  be  carried  farther  from  the  earth  as  fhe  moves  to  the  next 
quarter  ;  and,  becaufe  the  adion  of  the  fun  makes  then  an 
obtufe  angle  with  the  diredion  of  her  motion,  fhe  will  be  re¬ 
tarded  by  the  fame  degrees  by  which  fhe  was  accelerated 
before. 

6.  Thus  fhe  will  defcend  a  little  towards  the  earth,  as  fhe 
moves  from  the  firft  quarter  towards  the  conjundion,  and 

afcend 
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afcend  from  it,  as  fhe  moves  from  the  conjunction  to  the  next 
quarter.  The  adion  which  difturbs  her  motion  will  have  a 
like,  and  almoft  equal,  effed  upon  her,  while  (he  moves  in  the 
other  half  of  her  orbit,  I  mean,  that  half  of  it  which  is  farthelt 
from  the  fun  :  fhe  will  proceed  from  the  quarter  that  follows 
the  conjunction  with  an  accelerated  motion  to  the  oppofition, 
approaching  a  little  towards  the  earth,  becaufe  of  the  addition 
made  to  her  gravity,  at  that  quarter,  from  the  aCtion  of  the  fun ; 
and  receding  from  it  again,  as  fhe  goes  on  from  the  oppofition 
to  the  quarter  from  which  we  fuppofed  her  to  let  out.  The 
areas  defcribed  in  equal  times  by  a  ray  drawn  from  the  moon 
to  the  earth  will  not  be  equal,  but  will  be  accelerated  by  tne 
confpiring  adion  of  the  fun,  as  fhe  moves  towards  the  con¬ 
junction  or  oppofition  from  the  quarters  that  precede  them  ; 
^nd  will  be  retarded  by  the  fame  aCtion,  as  ihe  moves  from 
the  conjunction  or  oppofition  to  the  quarters  that  fucceed 

them. 

7.  Our  author  has  computed  the  quantities  of  thefe  irregula¬ 
rities  from  their  caufes.  He  finds,  that  the  force  added  to  the 
gravity  of  the  moon  in  her  quarters,  is  to  the  gravity  with 
which  fhe  would  revolve  in  a  circle  about  the  eaitn,  at  her 
prefent  mean  diftance,  if  the  fun  had  no  erred  on  her,  at  1 
to  178^.  He  finds  the  force  fubduded  from  her  gravity,  in 
the  conjundions  and  oppofition s,  to  be  double  of  this  quantity, 
and  the  area  defcribed  in  a  given  time  in  the  quarters,  to  be 
to  the  area  defcribed  in  the  fame  time  in  the  conjundions  and 
oppofitions,  as  10973  to  1 1073.  He  finds,  that,  in  fuch  an 
orbit,  her  diftance  from  the  earth  in  her  quarters,  would  be 
to  her  diftance  in  the  conjundions  and  oppofitions,  as  7 0 

to  69. 
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8.  The  moon  does  not  move  in  the  fame  plane,  round  the 
earth,  in  which  the  earth  moves  round  the  fun,  but  in  a  plane 
that  is  inclined  to  it  in  an  angle  of  about  5  degrees :  and  hence 
it  is  that  the  centre  oi  the  moon  appears  to  us  to  trace  a  dif¬ 
ferent  circle  from  the  ecliptic ,  the  circle  which  the  centre  of 
the  fun  appears  to  defcribe  in  the  heavens.  Thefe  circles  cut 
each  other  in  two  oppofite  points,  that  are  called  by  aftrono- 
rners  the  nodes  of  the  moon  ;  at  the  greateft  diltance  from  the 
nodes,  thefe  circles  are  ieparated  from  each  other  by  about  five 
deg  rees.  The  eclipfes  of  the  fun  and  moon  depend  on  their 
diftances  from  thefe  nodes,  at  the  time  of  the  new  and  full 
moon  ;  for,  if  the  change  of  the  moon  happen  when  fhe  is 
near  one  of  the  nodes,  fhe  eclipfes  the  fun  ;  and,  if  the  moon 
is  full,  near  one  of  the  nodes,  fhe  muft  fall  into  the  fhadow  o£ 
the  earth,  and  there  become  eclipfed.  Affronomers  have  at 
all  times  been  very  attentive  to  the  fituation  of  the  nodes,  m 
order  to  calculate  thefe  eclipfes,  which  have  been  always  a 
phenomenon  much  confidered  by  them.  The  nodes  are  not 
fixed  in  the  fame  part  of  the  heavens,  but  are  found  to  move 
over  all  the  figns  in  the  ecliptic,  with  a  retrograde  motion,  in 
about  eighteen  or  nineteen  years. 

9.  Sir  Ifaac  Newton  has  not  only  fhewed  that  this  motion 
arifes  from  the  a&ion  of  the  fun,  but  has  calculated,  with 
great  /kill,  all  the  elements  and  varieties  in  this  motion,  from 
its  caufe.  We  called  thefe  points  the  moon’s  nodes,  in  which  her 
orbit  cuts  the  plane  in  which  the  earth  revolves  about  the  fun, 
and  the  line  that  joins  the  points  we  call  the  line  of  the  nodes. 
We  fay  the  motion  of  the  nodes  is  direbt  when  they  proceed  in 
the  fame  way  as  the  moon  moves  in  her  orbit,  viz.  from  weft 
to  eaft,  according  to  the  order  of  the  figns  Aries  ^  "Taurus ,  &c. 
in  the  ecliptic  ;  and  we  fay  their  motion  is  retrograde,  when 
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they  move  with  a  motion  contrary  to  that  of  the  moon,  or 
from  eaft  to  weft,  contrary  to  the  order  of  the  ftgns.  We  con¬ 
ceive  the  plane  of  the  moon’s  motion  to  pafs  always  through 
the  centre  of  the  earth  and  the  centre  of  the  moon,  and  to  be 
a  plane  in  which  the  right  line  joining  their  centres,  and  the 
risht  line  that  is  the  direction  of  the  moon  s  motion,  or  the 
tangent  of  her  orbit,  are  always  found.  It  is  certain,  that  if 
the  earth  and  moon  were  always  adted  on  equally  by  the  iun, 
they  would  defcend  equally  toward  the  fun  ;  the  plane  de¬ 
termined  always  by  thefe  two  lines,  would  defcend  with  them, 
keeping  always  parallel  to  itfelf,  fo  that  the  moon  would  ap¬ 
pear  to  us  to  revolve  in  the  fame  plane  conftantly  with  refpedt 
to  the  earth.  But  the  inequalities  in  the  action  of  the  fun,  de- 
fcribed  above,  will  bring  the  moon  out  of  this  plane  to  that 
fide  of  the  plane  on  which  the  fun  is,  m  the  half  of  her  orbit 
that  is  neareft  the  fun,  and  toward  the  other  tide,  in  the  half 
of  her  orbit  that  is  fartheft  from  the  fun. 


10.  From  which  we  have  this  general  rule  tor  judging  of 
the  effedt  of  the  fun  on  the  nodes ;  that  while  the  moon  is  in 
the  half  of  her  orbit  that  is  neareft  the  fun,  the  node  towards 
which  fhe  is  moving  is  made  to  move  towards  the  conjundhon 
with  the  fun  ;  and  while  the  moon  is  in  the  half  of  her  orbit 
which  is  fartheft  from  thefun,  the  node  towards  which  the  is  mov¬ 
ing  is  made  to  move  towards  the  oppofition  :  but  when  the  nodes 
are  in  coniundtion  with  the  fun,  its  adion  has  no  eftedt  upon 
them.  In  the  firft  cafe,  -the  moon  is  brought  into  a  diredhon 
which  is  on  the  fame  fide,  as  the  fun  is,  of  that  chredhon 
which  fhe  would  follow  of  herfeif  :  and  the  mterfedtion  of  a 
plane  paffing  through  this  diredfion,  and  through  the  centre  of 
the  earth,  will  cut  the  ecliptic,  on  that  fide  towards  which  the 
moon  moves,  in  a  point  nearer  the  conjundhon,  than  if  there 
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was  no  action  of  the  fun  to  difturb  her  motion.  In  the  other 
cafe,  the  adtion  of  the  fun  has  a  contrary  direction*  and  for 
the  fame  reafon,  makes  the  enfuing  node  move  towards  the  op- 
pofition.  When  the  line  of  the  nodes  produced  paffes  through 
the  fun,  then  the  fun,  being  in  the  plane  of  the  moon’s  mo¬ 
tion,  has  no  effedt  to  bring  her  to  either  fide  ;  and  therefore,  in 
that  cafe,  the  nodes  have  no  motion  at  all. 

1 1 .  From  this  general  rule,  it  appears,  that  if  you  fuppofe 
the  nodes  to  be  in  the  quarters  a  and  c,  [Fig.  67.)  after  the 
moon  fets  out  from  the  node  a,  that  is,  in  the  quarter  preced¬ 
ing  the  conjundtion  b,  the  enfuing  node  c  moves  towards  the 
conjundtion  b,  and  is  therefore  retrograde;  becaufe  it  moves  in  a 
diredtion  oppofite  to  that  in  which  the  moon  moves  ;  and,  in  all 
this  revolution  of  the  moon,  the  nodes  are  manifefUy  retro¬ 
grade  ;  for,  after  the  moon  pafles  the  quarter  c  that  fucceeds 
the  conjundtion,  then  the  enfuing  node  a  moves  towards  the 
oppofition  d,  fo  that  the  nodes  are,  in  that  half  of  her  orbit 
alfo,  retrograde. 

12.  Suppofe  the  nodes  in  the  fituation  n  n,  fo  as  one  of 
them  may  be  between  the  quarter  a  and  the  enfuing  con¬ 
jundtion  b,  while  the  other  node  n  falls  on  the  oppofite  point 
of  the  moon’s  circle,,  between  the  fubfequent  quarter  c  and  the 
oppofition  d.  In  this  cafe,  while  the  moon  moves  from  a  to 
N,  the  node  n  moves  towards  the  conjundtion  b  (by  the  general 
principle  in  §  10)  and  therefore  its  motion  is  diredt.  While 
the  moon  moves  from  n  to  c,  the  enfuing  node  n  moves  to¬ 
wards  the  conjundtion  b,  and  therefore  is  retrograde;  and  be¬ 
caufe  the  arc  n  c  exceeds  a  n,  the  retrograde  motion  exceeds 
the  diredt  motion.  V/ hiie  the  moon  moves  from  c  to  tz,  the 
'enfuing  node  n  moves  towards  the  oppofition  d,  and  the  mo¬ 
tion  of  the  nodevs  is  then  diredt.  But  while  the  moon  moves- 

3  from. 


Chap.  4.  PHILOSOPHICAL  DISCOVERIES.  331 

from  n  to  a,  the  enfuing  node  n  moves  towards  the  oppofiUon 
p,  and  then  the  motion  of  the  nodes  being  contrary  to  the 
motion  of  the  moon,  their  motion  is  retrograde  ;  and  became 
the  arc  n  a  exceeds  n  c,  it  is  apparent  that  the  motion  is  more 

retrograde  than  direCt. 

13.  When  {Fig*  68.)  one  node  n  is  between  the  conjunction. 
b  and  enfuing  quarter  c,  while  the  moon  moves  from  a  to  n,  the 
enfuing  node  n  moves  towards  the  conjunction  b,  and  therefore 
is  retrograde :  while  the  moon  moves  from  n  to  c,  the  enfuing 
node  n  moves  towards  the  conjunction,  and  is  direCt.  But 
the  arc  a  n  exceeds  n  c,  the  retrograde  motion  ol  the  nodes 
mu  ft  exceed  the  direCt  motion.  While  the  moon  moves  from 
c  to the  motion  of  the  enfuing  node  is  towards  the  oppofi- 
tion  d,  and  is  therefore  retrograde.  While  the  moon  moves 
from  fi  to  a,  the  enfuing  node  n  moves  towards  the  oppoiition 
d,  and  therefore  is  direCt.  But,  as  the  arc  c  n  exceeds  a  it 
follows  that  the  retrograde  motion  exceeds  the  diieCt  motion. 

It  appears,  therefore,  that  in  every  revolution  of  the  moon* 
the  retrograde  motion  of  the  nodes  exceeas  the  direct  motion, 
excepting  only  when  the  line  of  the  nodes  pafifes  thiough  the 
fun,  in  which  cafe  there  is  no  motion  of  the  nodes  at  ail. 
We  fee  then,  how,  from  the  principle  of  gravity,  the  nodes 
of  the  moon  are  made  to  recede  every  year.  Our  author  has 
determined  the  quantity  *  of  this  retrograde  motion  in  every 
revolution  of  the  moon,  and  in  every  year  ;  and  it  is  110 
fmall  pleafure  to  fee  how  exaCtly  the  theory  of  thefe  motions, 
drawn  from  their  caufes,  agrees  with  the  observations  oi  aftio- 
nomers.  He  finds,  from  the  theory  of  gravity,  ^that  the  nodes 
ought  to  move  backward  about  19°  1 8  1  in  the  tpace  ol  a  year, 
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and  the  aftronomical  tables  make  this  motion  190  21'  21"; 
whofe  difference  is  not  of  the  whole  motion  of  the  nodes  in 
a  year.  By  a  more  correct  computation  of  this  motion  from 
its  caufe,  the  theory  and  obfervation  agree  within  a  few 
feconds. 

14.  The  inclination  of  the  moon’s  orbit  to  the  ecliptic,  is 
alfo  fubjeft  to  many  variations.  When  the  nodes  are  in  the 
quarters  a  and  c,  while  the  moon  moves  from  the  quarter  a  to 
the  conjunction  b,  the  aCtion  of  the  fun  diminifhes  the  incli¬ 
nation  of  the  plane  of  her  orbit  \  the  inclination  of  this  plane 
is  leaf!  of  all  when-  the  moon  is  in  the  conjunction  b  :  it  in¬ 
creases  again  as  fhe  moves  from  the  conjun&ion  b  to  the  next 
quarter  at  c,  and  is  there  reftored  to  its  firft  quantity  nearly; 
When  the  nodes  of  the  moon  are  in  r  and  r>>  fo  that  the  line 
of  the  nodes  pafies  through-  the  fun,  the  inclination  of  the 
moon’s  orbit  is  not  affe&ed  by  the  a&icn  of  the  fun  ;  becaufe, 
in  that  cafe,  the  plane  of  her  orbit  produced  paffes-  through 
the  fun  :  and  therefore  the  aCtion  of  the  fun  can  have  no  effeCl 
to  bring  the  moon  out  of  this  plane  to  either  fide.  It  is  in 
this  laft  cafe  that  the  inclination  of  the  moon’s  orbit  is  greateff; 
it  decreafes  as  the  nodes  move  towards  the  quarters  j  and 
it  is  leaft  of  all  when  the  nodes  are  in  the  quarters,  and  ,  the 
moon  either  in  the  conjunction  or  oppofition.  Our  author  cal¬ 
culates  thefe  irregularities  from  their  caufes,  and  finds  his  con- 
clufions-  agree  very  well  with  the  observations  of  aftrono— 

mers 

15.  The 

*  To  make  the  foregoing  account  of  the  motion  of  the  moon  s  nodes  {till  clearer, 
we  have  added  Fig.  69,  ( Plate  VI.)  in  which,  the  plane  of  the  fcheme  reprefenting 
that  of  the  ecliptic,  s  is  the  fun,  t  the  centre  of  the  earth,  l  the  moon  in  her  orbit 
D  N  4  n ;  n  n  is  the  line  of  the  nodes  pairing  between  the  quadrature  q^, 
and  the  moon’s  place  l,  in  her  laft  quarter.  Let  now  l  p,  any  part  of  l  s,  repre- 

fent  the  excefs  of  the  fun’s  aftion  at  l,  above  his  a&ion  at  t,  and  this  being  refolved 

into 
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1  c.  The  action  of  the  fun  diminiflies  the  gravity  of  the  moon 
towards  the  earth,  in  the  conjundions  and  oppofttions,  more 
than  it  adds  to  it  in  the  quarters,  and,  by  dimimftnng  the  force 
which  retains  the  moon  in  her  orbit,  it  increafes  her  diftance 
from  the  earth  and  her  periodic  time  :  and  becaufe  the  earth 
and  moon  are  nearer  the  fun  in.  their  perihelium  than  in  their 
aphelium,  and  the  fun  ads  with  a  greater  force  there,  fo  as  to 
fubdud  more  from  the  moon’s  gravity  towards  the  earth ;  it 
follows,  that  the  moon  muft  revolve  at  a  greater  diftance,  and 
take  a  longer  time  to  finilh  her  revolution  in  the  perihelium  of 
the  earth,  than  in  the  aphelium  ;  and  this  alfo  is  conformable 

to  obfervation. 


16.  There  is  another  remarkable  irregularity  in  the  moon  s 
motion,  that  alfo  arifes  from  the  adion  of  the  fun  :  I  mean, 
the  progrefllve  motion  of  the  apftdes:  The  moon  defcribes.  an 
ellipfe  about  the  centre  of  the  earth,  having  one  of  the  foci  in 
that  centre.  Her  greateft  and  leaft  diftances  from  the  earth 
are  in  the  apftdes,  or  extremities  of  the  longer  axis  of  the 
'ellipfe.  This  is  not  found  to  point  always  to  the  fame. place  in 
the  heavens,  but  to  move  with  a  progrefllve  motion  forwards, 
fo  as  to  finifh  a  revolution  round  the.  earth’s,  centre,  in  about. 


nine  years. 

into  the  force  n,  perpendicular  to  the  plane  of  the  moon’s  orbit  and  r  r  parallel 
to  it  ’tis  the  former  only  that  has  any  cfTeft  to  alter  the  pofition  _  of  the  orbit,  and 
in  this  it  is  wholly  exerted.  Its  effed  is  twofold-,  ( i .)  It  dimimlhes  •  its  mclina- 
tion  by  a  motion  which  we  may  conceive  as  performed  round  the  diameter  d  4  to 
which  l  t  is  perpendicular.  (  )  Being  compounded  with  the  moon  s  tangential 
motion  at  l,  it  gives  it  an  intermediate  direction  l  t  \  thro-  which,  and  the  centre  ot 
the  earth,  a  plane  being  drawn  muft  meet  the  ecliptic  nearer  the  conjunfttone  than 
before  .:  and  in  the  fame  manner,  the  other  cafes  are  explained. . 
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To  underftand  the  reafon  of  this  motion  of  the  apfides,  we 
mnft  recoiled  what  was  (hewed  above,  that,  if  the  gravity  of 
a  body  decreafed  lefsas  the  diftance  increafes,  than  according  to 
the  regular  courfe  of  gravity,  the  body  would  defcend  fooner 
from  the  higher  to  the  lower  apfis,  than  in  half  a  revolution  ; 
and  therefore  the  apfis  would  recede  in  that  cafe,  for  it  would 
move  in  a  contrary  direction  to  the  motion  of  the  body, 
meeting  it  in  its  motion.  But  if  the  gravity  of  the  body  fhould 
decreafe  more  as  the  diftance  increafes  than  according  to  the 
regular  courfe  of  gravity,  that  is,  in  a  higher  proportion  than 
as  the  fquare  of  the  diftance  increafes,  the  body  would  take 
more  than  half  a  revolution  to  move  from  the  higher  to  the 
lower  apfis  ;  and  therefore,  in  that  cafe,  the  apfides  would 
have  a  progreftive  motion  in  the  fame  diredion  as  the  body. 

In  the  quarters,  the  fun’s  adion  adds  to  the  gravity  of  the 
moon,  and  the  force  it  adds  is  greater,  as  the  diftance  of  the 
moon  from  the  earth  is  greater ;  fo  that  the  action  of  the  fun 
hinders  her  gravity  towards  the  earth,  from  decreafing  as  much 
while  the  diftance  increafes,  as  it  ought  to  do  according  to  the 
regular  courfe  of  gravity  ;  and  therefore,  while  the  moon  is  in 
the  quarters,  her  apfides  muft  recede.  In  the  conjunction  and 
oppofition,  the  adion  of  the  fun  fubduds  from  the  gravity  of 
the  moon  towards  the  earth,  and  fubduds  the  more  the 
greater  her  diftance  from  the  earth  is,  fo  as  to  make  her 
gravity  decreafe  more  as  her  diftance  increafes,  than  according 
to  the  regular  courfe  of  gravity  ;  and  therefore,  in  this  cafe, 
the  apfides  are  in  a  progreftive  motion.  Becaufe  the  adion  of 
the  fun  fubduds  more  in  the  conjundions  and  oppofitions  from 
her  gravity,  than  it  adds  to  it  in  the  quarters,  and,  in  general, 
diminifties  more  than  it  augments  her  gravity  ;  hence  it  is  that 

the 
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the  progreffive  motion  of  the  apfides  exceeds  the  retrograde 
motion;  and  therefore,  the  apfides  are  carried  round  according 
to  the  order  of  the  figns. 

17.  Thus  the  various  irregularities  of  the  moon's  motion  are 
explained  from  gravity  :  and  from  this  theory,  with  the  affif- 
tance  of  a  long  feries  of  accurate  observations,  her  motion  may 
be  at  length  reduced  fo  exa&ly  to  computation,  and  her  ap- 
pulfes  to  the  fixed  ftars,  over  which  fhe  pafles  in  her  courfe, 
may  be  predicated  withfo  much  accuracy,  as  to  afford,  on  many 
occafions,  an  opportunity  to  navigators,  to  difcover  their  lon¬ 
gitude  at  fea* 

C  H  A  P.  V. 

Of  the  path  of  a  fecondary  planet  upon  an  immoveable  plane  ; 
with  an  illuflration  of  Sir  Ifaac  Newton’r  account  of  the 
motions  of  the  fat  elUtes,  from  the  theory  of  gravity  *. 

IN  defcribing  the  motions  of  the  folar  fyftem,  it  is  ufual  to 
confider  the  primary  planets,  as  revolving  in  immoveable 
planes,  but  to  refer  the  motions  of  the  fatellites  to  planes  that 
are  carried  along  with  their  primaries  about  the  fun.  Sir  Ifaac 
Newton  follows  the  fame  method,  in  accounting  for  their  mo¬ 
tions  from  the  theory  of  gravity  :  by  this  analyiis,  the  expli¬ 
cation  of  the  motions  themfelves,  and  of  the  powers  that  pro¬ 
duce  them,  is  rendered  more  fimple  and  eafy,  than  if  we 
fhould  refer  the  motion  of  the  fatellite  to  an  immoveable  plane, 
and  contemplate  only  the  path  aefcribed  by  it,  in  confe- 
quence  of  fo  compounded  a  motion,  in  abiolute  ipace. 

*  The  following  chapter,  as  belonging  properly  to  this  place,  is  inferted  from 
letter  of  the  author,  to  his  learned  Iriend  Dr,  Benjamin  Hoadly ,  phyfician  to  his 
Majefty’s  houfehoid. 

The 
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The  properties,  however,  of  this  path  are  more  ftmple  than 
perhaps  will  be  expected  on  a  fuperficial  confideration  of  it ; 
and  the  referring  of  the  motion  of  the  fatellite  to  it,  may  be  of 
ufe  on  Tome  occafions,  particularly  for  refolving 'the  difficulties 
Tome  have  found  to  underftand  Sir  If aac  Newton  s  account  of 
the  motions  of  the  fatellites,  from  gravity.  This  path  is,  in 
Tome  cafes,  concave  towards  the  fun  throughout ;  in  other 
cafes,  the  part  of  it  neareft  the  fun  is  convex  towards  the  fun, 
and  the  reft  is  concave.  An  inftance  of  the  former  we  have 
in  the  moon,  of  the  latter  in  the  fatellites  of  the  fuperior  planets. 

The  force  that  bends  the  courfe  of  the  fatellite  into  a  curve, 
when  the  motion  is  .referred  to  an  immoveable  plane,  is,  at  the 
conjunction,  the  difference  of  its  gravity  towards  the  fun,  and 
of  its  gravity  towards  the  primary.  When  the  former  prevails 
over  the  latter,  the  force  that  bends  the  courfe  of  the  fatellite 
tends  towards  the  fun  ;  confequently,  the  concavity  of  the  path 
is  towards  the  fun:  and  this  is  the  cafe  of  the  Moon,  as  will 
appear  afterwards.  When  the  gravity  towards  the  primary  ex¬ 
ceeds  the  gravity  towards  the  fun,  at  the  conjunction,  then  the 
force  that  bends  the  courfe  of  the  fatellite  tends  towards  the 
primary,  and  therefore  towards  the  oppofition  of  the  fun  ; 
confequently  the  path  is  there  convex  towards  the  fun  :  and 
this  is  the  .cafe  of  the  fatellites  of  'Jupiter.  When  thele  two 
forces  are  .equal,  the  path  lias,  at  the  conjunction,  what  mathe¬ 
maticians  call  a  point  of  rectitude  \  in  which  cafe,  however, 
the  path  is  concave  towards  the  fun  throughout. 

Becaufe  the  gravity  of  the  moon  towards  the  fun  is  found  to 
be  greater,  at  the  conjunction,  than  her  gravity  towards  the 
earth,  fo  that  the  point  of  equal  attraction,  where  thofe  two 

powers 
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powers  would  fuftain  each  other,  falls  then  between  the  moon 
and  earth,  fome  *  have  apprehended  that  either  the  parallax  of 
the  fun  is  very  different  from  that  which  is  affigned  by  aftrono- 
mers  or  that  the  moon  ought  neceffarily  to  abandon  the  earth. 
This  apprehenfion  may  be  eafily  removed,  by  attending  to  what 
has  been  Ihewn  by  Sir  Jfaac  Newton,  and  is  illuftrated  by  vulgar 
experiments,  concerning  the  motions  of  bodies  about  one  an¬ 
other,  that  are  all  aded  upon  by  a  third  force  in  the  fame  di¬ 
rection.  Their  relative  motions,  not  being  in  the  lead;  difturbed 
by  this  third  force,  if  it  ad  equally  upon  them  in  parallel 
lines ;  as  the  relative  motions  of  the  Ihips  in  a  fleet,  carried 
away  by  a  current,  are  no  way  affeded  by  it,  if  it  ad  equally 
upon  them  ,  or  as  the  rotation  of  a  bullet,  or  bumb,  about 
its  axis,  while  it  is  projeded  in  the  air,  or  the  figure  of  a  drop 
of  falling  rain,  are  not  at  all  affeded  by  the  gravity  of  the  par¬ 
ticles  of  which  they  are  made  up,  towards  the  earth.  It  is  to 
the  inequality  of  the  adions  of  the  fun  upon  the  earth  and 
moon,  and  the  want  of  parallelifm  in  the  directions  of  thefe 
actions,  only,  that  we  are  to  afcribe  the  irregularities  in  the 

motion  of  the  moon. 

But  it  may  contribute  towards  removing  this  difficulty,,  to 
obferve,  that  if  the  abfolute  velocity  of  the  moon,  at  the  con¬ 
junction,  was  lefs  than  that  which  is  requifite  to  carry  a  body 
in  a  circle  there  around  the  fun,  fuppofing  this  body  to  be 
acted  on  by  the  fame  force  which  acts  there  on  the  moon, 
it.  e.  by  the  excefs  of  her  gravity  towards  the  fun,  above  her 
gravity  towards  the  earth, )  then  the  moon  would,  indeed, 
abandon  the  earth.  For,  in  that  cafe,  the  moon  having  lefs 
velocity  than  would  be  neceffary  to  prevent  her  from  dcfcend- 
ing  within  that  circle,  ffie  would  approach  to  the  fun,  and  r|- 

*  See  Cofmotbeoria  puerilis.  .  t:  .  ’( 

"  X  x  cede 
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cede  from  the  earth.  But  tho’  the  abfolute  velocity  of  the 
moon,  at  the  conjunction,  be  lefs  than  the  velocity  of  the  earth 
in  the  annual  orbit,  yet  her  gravity  towards  the  fun  is  fo  much, 
diminifhed  by  her  gravity  towards  the  earth,  that  her  abfolute 
velocity  is  ftill  much  fuperior  to  that  which  is  requifite  to  carry 
a  body  in  a  circle,  there,  about  the  fun,  that  is  acted  on  by  the 
remaining  force  only.  Therefore,  from  the  moment  of  the- 
conjunction,  the  moon  is  carried  without  fuch  a  circle,  reced¬ 
ing  continually  from  the  fun  to  greater  and  greater  diftances, 
till  fhe  arrive  at  the  oppofition  ;  where,  being  acted  on  by  the 
fum  of  thofe  two  gravities,  and  her  velocity  being  now  lefs, 
than  what  is  requifite  to  carry  a  body  in  a  circle,  there,  about 
the  fun,  that  is  acted  on  by  a  force  equal  to  that  fum,  the 
moon  thence  begins  to  approach  to  the  fun  again.  Thus  fhe 
recedes  from  the  fun  and  approaches  to  it  by  turns,  and  in  every 
month  her  path  has  two  apfides,  a  ferihelium  at  the  con¬ 
junction,  and  an  aphelium  at  the  oppofition  ;  between  which 
fhe  is  always  carried,  in  a  manner  fimilar  to  that  in  which  the 
primary  planets  revolve  between  their  aplides.  The  planet  re¬ 
cedes  from  the  fun  at  the  perihelium,  becaufe  its  velocity,  there, 
is  greater  than  that  with  which  a  circle  could  be  defcribed. 
about  the  fun,  at  the  fame  diflan ce,  by  the  fame  centripetal 
force  ;  and  approaches  towards  the  fun  from  the  aphelium,, 
becaufe  its  velocity  there,  is  lefs  than  is  requifite,  to  carry  it  in 
a  circle,  at  that  diftance,  about  the  fun.  See  my  Treatife  of 
Fluxions ,  Art.  447. 

Tho’  the  path  of  the  moon  be  concave  towards  the  fun 
throughout,  its  curvature  is  very  unequal  :  it  is  leaft  at  each 
lower  apfide  or  conjunction,  and  greateft  at  each  higher  apiide 
or  oppofition.  The  path  of  a  fatellite  of  fupiter  has  like- 
wife  two  apfides,  in  the  part  which  is  defcribed  every  fynodic  re¬ 
volution  ;  but  in  the  lower  apfide,  the  convexity  is  towards 
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the  fun  ;  and  it  has  likewife  two  points  of  contrary  flexure  in 
every  fuch  part  *. 

By  confidering  this  path,  we  fhall  arrive  at  the  fame  con- 
cluflons  which  Sir  Ifaac  Newton  derived,  more  briefly,  from 
the  laws  of  motion  ;  that  if  the  folar  action  was  the  fame  on 
the  fatellite  and  on  the  primary,  and  in  the  fame  direction, 
the  motion  of  the  fatellite  around  the  primary,  would  be  the 
fame  as  if  the  fun  was  away.  This  will  appear  from  the  fol¬ 
lowing  propofltions,  where  we  fuppofe  the  orbits  of  the  primary 
about  the  fun,  and  of  the  fatellite  about  the  primary,  to  be 
both  circular,  and  the  motions  in  thefe  orbits  to  be  uniform 
and  in  the  fame  plane. 

*  •  ■  .  '  r  c  ,  r  *■  '• 

PROPOSITION  I.  Fig.  jo.  PL  VI. 

cThe  path  of  the  fatellite ,  on  an  immoveable  plane ,  is  the  epi¬ 
cycloid  that  is  deferibed  by  a  given  point  in  the  plane  of  a  circle , 
which  revolves  on  a  circular  bafe ,  having  its  centre  in  the  centre 
of  the  fun,  a?id  its  diameter  in  the  fame  proportion  to  the  dia¬ 
meter  of  the  revolving  circle ,  as  the  periodic  time  of  the  pri¬ 
mary  about  the  fun ,  to  the  time  of  the  lynodic  revolution  of  the 
fatellite  about  the  primary  :  the  tangent  of  the  path  is  perpen¬ 
dicular  to  the  right  line  that  joins  the  fatellite  to  the  contaEl  of 
the  two  circles  :  and  the  abfolute  velocity  of  the  fatellite  is  always 
as  its  diftance  from  that  contaEl. 

Let  t  denote  the  periodic  time  of  the  primary  about  the 
fun,  t  the  periodic  time  of  the  fatellite  about  the  primary.  Let 
3  reprefent  the  fun,  a  a  the  orbit  of  the  primary  ;  upon  the 
radius  a  s,  take  a  e  to  a  s  as  t  is  to  t.  From  the  centre  s  de- 

~  •-."LO..  ’•*  ‘  .  ,  ;  '  > 

See  die  note  to  Carol,  u  Prop*  IP  below; 

X  x  2  ,  ,  •  feribe 
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fcribe  the  circle  e  e-  z,  and  from  the  centre  a  the  circle  e  m 
I  et  this  circle  e  m  f  revolve  on  the  other  e  b  z,  as  its  bale  : 
then  a  point  l,  taken  on  the  plane  of  the  circle  e  m  f,  at  the 
didance  a  l,  equal  to  the  diftance  of  the  fatellite  from  the 
primary,  fhall  defcribe  the  path  of  the  fatellke. 

For  fuppofe  the  circle  e  m  f  to  move  into  the  fituation  e  mf, 
the  point  a  to  a,  l  to  /,  and  let  al  and  a  /,  produced,  meet 
E  m  F  and  e  mf  ,  in  m  and  m.  Upon  the  arc  em  take  e  r=  e  m, 
then  the  angle  c  a  r  ^  e  am.  Let  a  r  meet  the  circle  c  l  dy 
defcribed  from  the  centre  a  with  the  diftance  a  /,  in  q  ;  and 
becaufe  eaq=-  eal,  the  angle  e  a  q  reprefents  the  elongation 
of  the  fatellite  from  the  fun  at  its  firft  place  l.  Becaufe  e  m 
(=  e  r  +  r  m)  =  e  e  +  e  m  and  e  r  =  e  m,  it  follows  that  r  m  —  e  e  j 
confequently  the  angle  ram  :  £SE::  se:  ae::  t  —  t  \  t  \ 
or,  as  the  angular  velocity  of  the  fatellite  from  the  fun,  to  the 
angular  velocity  of  the  primary  about  the  fun.  But  e  s  c  is 
the  angle  defcribed  by  the  primary  about  the  fun,  conlequently 
r  a  or  qal ,  is  the  fimultaneous  increment  of  the  elonga¬ 
tion  of  the  fatellite  from  the  fun  ;  /  is  its  place  when  the 
primary  comes  to  a  ;  and  the  epicycloid  defcribed  by  /  is  the 

path  of  the  fatellite. 

Becaufe  the  circle  emf  moves  on  the  point  e,  the  direction: 
of  the  motion  of  any  point  l  is  perpendicular  to  el  ;  or  the 
tangent  of  the  path  at  any  point  l  is  perpendicular  to  el.  Tne 
velocity  of  any  point  l  is  as  its  diftance  e  l  ;  and,  the  mo¬ 
tion  of  the  primary  a  being  fuppofed  uniform  and  reprefented 
by  e  a,  the  velocity  of  the  fatellite  fhall  be  reprefented  by  el.. 


PROPO- 

\  •  ••  U 
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PROPOSITION  II. 

Upon  a  s  take  a  b  :  a  s  : :  1 1 :  t  t  (or  a  b  :  a  e  :  :  a  e  :  a  $j  , 
upon  the  diameter  e  b  defcribe  the  circle  e  k  b  e  l  K 

l  o  a  third  proportional  to  l  k  and  l  e,  on  the  fame  fiae  of 
l  with  lk  ;  and  o  jhallbe  the  centre  of  the  curvature  at  l  e/ 
the  pathy  and  l  o  the  ray  of  curvature . 

Becaufe  e  l  and  e  l  are  perpendicular  to  the  path  at  the 
points  l  and  /,  let  them  be  produced,  and  their  ultimate  m- 
terfedion  o  fliall  be  the  centre  of  curvature  at  l.  Produce  q  e 
till  it  meet  l  e  in  v,  join  s  v,  and  the  angle  sev=qea=L  e  a 
=  s  e  v ;  confequently  the  angle  e  v  e  =  e  s  e,  the  angle  ev  s 
=  e  s  e,  and  the  angle  evs=e£s,  and  s  v  is  ultimately 
perpendicular  to  e  o.  Now  the  angle  eo<  is  ultimately 
to  e  v  e  (=  e  s  e)  as  e  v  to  e  o,  that  is  (becaufe  e  v :  e  k 

•  :  e  s  :  e  b  :  :  a  s  a  e)  as  eexas  to  e  o  x  a  e.  But  the 

angular  motion  of  e  l  being  equal  to  the  angular  motion  of  e  a, 
while  the  circle  emf  turns  on  the  point  E,  l  e  /  is  therefoie 
ultimately  equal  to  a  E  a,  which  is  to  e  s  e  as  s  a  to  a  e  ;  and 
Eoe  being  to  le/  as  E  l  to  1.  o,  it  follows  that  E  o  e  :  E s e  :■ : 

s  a  x  E  t  :  a  E  x  l  o  :  :  E  k  x  s  a  :  E  o  x  a  E.  Therefore  E  l  :  l  o : : 

EK  :  Eo,  and  el  :  l  k  :  :  l  o  :  E  l,  or  l  k,  l  e  and  l  o  are  in 

continued  proportion.  This  theorem  ferves  for  determining 
the  ray  of  curvature  of  epicycloids  and  cycloids  of  all  forts ;  only 
when  the  bafe  E  e  is  a  right  line,  a  b  vanifhes,  and  e  b  becomes 

equal  to  E  a. 


Carol.  1.  When  a  l  or  ac  is  lefs  than  a  b,  then  (becaufe 
l  o  is  always  on  the  fame  fide  of  the  point  l  with  l  k)  tue 
path  is  concave  towards  s  throughout.  When  a  c  =  a  b,-  the 
curvature  at  the  conjundion  vanifhes,  or  the  path  has  there  a 


3 


342  Sir  ISAAC  NEWTONS  Book  IV, 

point  of  reSitude .  When  a  c  is  greater  than  a  b  (or  a  s  x  .£), 
a  portion  of  the  path  near  the  conjunction  is  convex  towards  s, 
becaufe  a  part  of  the  circle  c  l  d  falls  within  the  circle  bkE; 
and  when  l  comes  to  either  of  the  interfedions  of  thefe  two 
circles,  the  path  has  a  point  of  contrary  flexure  *. 

Corot  2.  In  the  cafe  of  the  moon,  /  178, 

and  ab=^xas;  but  a  c  is  about  ~  x  a  s  ;  confequently  a  c 
islefs  than  a  b,  and  the  path  of  the  moon  is  concave  towards 
the  fun  throughout. 

PROPOSITION  III. 

Let  a  b  :  As::tt:TT,  and  the  force  by  which  the  path  of 
the  fatellite  can  be  dejcrsbed  on  an  immoveable  plane ,  is  always 
dire  El  ed  to  the  point  b  upon  the  ray  as  ;  and  is  always  meafured 
by  bl  the  dijlance  of  the  fatellite  from  the  point  b,  the  gravity  of 
the  primary  towards  the  fun  being  reprefented  by  b  a. 


We  conceive  the  force  by  which  this  path  could  be  de¬ 
ferred,  on  an  immoveable  plane,  to  be  refolved  into  a  force 
that  ads  in  the  diredion  l  o,  perpendicular  to  the  path,  and 
bends  the  path,  but  has  no  effed  on  the  velocity  of  the  fatel¬ 
lite  ;  and  a  force  perpendicular  to  l  o  that  accelerates  or  re¬ 
tards  the  motion  of  the  fatellite.  The  former  of  thefe  is  mea¬ 
fured  by  l  k,  the  latter  by  b  k,  the  gravity  of  the  primary  to¬ 
wards  the  fun  being  meafured  by  ab.  For  the  former  is  to  the 
gravity  of  the  primary  towards  s,  as  to  EA}2  (thefe  forces  be¬ 
ing  diredly  as  the  fquares  o t  the  velocities,  and  inverfely  as  the 
rays  of  the  curvature)  that  is,  as  l  k  to  a  b,  by  Prop  II. 


*  If  AC  =  A 


:  =  a  e,  thefe  points  meet  again,  and  form  a  cuff:  and  if^AC  is  greater 
than  a  e,  the  path  has  a  nodus  :  which  laid  is  the  cafe  of  the  innermoft  of  the  fatel- 
Ikes  of  Jupiter  and  Saturn* 

Therefore 


4 
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Therefore  the  gravity  of  the  primary  being  reprefented  by  a  b, 
the  former  force  will  be  meafured  by  l  k. 

:  The  feeond  force  that  a&s  on  the  fatellite  in  the  direction  of 
the  tangent  of  its  path,  and  accelerates  or  retards  its  motion,  is 
as  the  fluxion  of  the  velocity  el  diredtly,  and  the  fluxion  of 
the  time  inverfely.  The  fluxion  of  the  time  is  meafured  by  ^ 
[a  a  being  the  arc  defcribed  by  the  primary,  and  E  a  the  velo- 
city  with  which  it  is  defcribed)  =  §f=sr=  eTsTXc  =  (foppofing 
an  and  qu  to  be  perpendiculars  to  el  in  n  and  u,  becaufe  lq\lu\\. 
a  c  :  a  n,  or  a  c  :  a  n)  =  ^  =B-K.  Therefore  the  force  which 
is  meafured  by  /  u,  the  fluxion  of  the  velocity  e  /,  or  e  l, 
divided  by  the  fluxion  of  the  time  or  ~K,  is  meafured  by  b  k. 
The  force,  therefore,  in  the  direction  l  e  being  meafured  by 
h  k,  and  the  force  in  the  perpendicular  direction  k  b  by  k  b, 
the  compounded  force  is  meafured  by  l  b,  and  is  directed  from 

L  to  B. 

It  appears,  from  what  has  been  demonftrated,  that  the  path; 
may  be  defcribed  by  a  force  directed  towards  the  point  b,  (which 
is  given  upon  the  ray  a  s,  but  revolves  along  with  this  ray  a- 
bouts)  or  by  any  forces  which,  compounded  together,  generate 
a  force  tending  to  b,  and  always  proportional  to  l  b,  the  di- 
ftance  of  the  fatellite  from  b.  Let  l  h.  be  equal  and  paral¬ 
lel  to  ab,  and  ab  h  l  (hall  be  a  parallellogram,  and  the  force. 
l  k  may  be  compounded  of  lh  and  l  a  ;  that  is,  the  force 
l  k  may  be  the  relult  of  a  force  l  h  acting  on  the  latelhte,, 
equal  and  parallel  to  a  b,  the  gravity  of  the  primary  towards, 
the  fun,  and  of  a  force  l  a  tending  to  the  primary,  and  equal 
to  the  gravity  by  which  the  fatellite  would  deferibe  the  circle 
E  u  d  about  the  primary,  in  the  fame  periodic  time  t,  if  the 

fun  was  away  j  becaufe  fuch  a  force  is  to  the  gravity  of  the-' 

primary 
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primary  towards  the  fun,  (reprefented  by  ab)  as  tt  t0 

as  A  L  to  AS  X  =  A  B. 

Thus  we  arrive  at  the  fame  conclufion  which  Sir  Ifiaac 
Newton,  more  briefly,  derived  from  an  analyfis  of  the  motions 
of  the  fatellite  ;  that  while  the  fatelhte  gravitates  towards  the 
primary,  if,  at  the  fame  time,  it  be  acted  on  by  the  fame Tolar 
force  1  the  primary,  and  with  a  parallel  direfiion,  it  will  re¬ 
volve  about  the  primary,  in  the  fame  manner  as  if  this  laic 
was  at  reft,  and  There  was  no  folar  action.  Thefe  two  forces, 
the  gravitation  towards  the  primary,  and  a  force  equal  and  pa¬ 
rallel  to  the  gravitation  of  the  primary  towards  the  fun,  are 
exactly  fufficient  to  account  for  the  compounded  motion  oi  the 
fatellite  in  its  path,  however  complex  a  curved-line  it  nay  ap¬ 
pear  to  be.  Nor  is  there  any  perturbation  of  the  fatellite  s 
motion,  but  what  arifes  from  the  inequality  of  the  gravity  of 
the  fatellite,  and  of  the  primary  towards  the  fun,  or  from 
their  not  adling  in  parallel  lines.  If  we  fhould  fuppofe  them 
to  move  about  their  common  center  of  gravity,  whi  e  t  is  is 
carried  round  the  fun,  or  if  we  fuppofe  the  orbits  to  be  ellip¬ 
tical,  the  conclufions  will  ftill  be  found  confonant  to  what  was 
more  briefly  deduced  by  this  great  author. 

CHAP.  VI. 

Of  the  figure  of  the  earth,  and  the  preceffton  of  the  equinoxes. 

x .  T  F  the  earth  was  fluid,  and  had  no  motion  on  its  axis, 
9  the  equal  gravitation  of  its  parts  towards  each  ot  er 
would  give  it  a  figure  exaftly  fpherical,  the  columns  from  the 
furface  to  the  center  mutually  fuftaming  each  other  at  equal 
heights  from  it.  But,  becaufe  of  the  diurnal  rotation  of  the 
earth  on  its  axis,  the  gravity  of  the  parts  at  the  equator  is  di- 
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miniftied  by  the  centrifugal  force  arifing  from  this  rotation  ; 
the  gravity  of  the  parts  on  either  fide  of  the  equator  is  dimi- 
nifhed  lefs,  as  the  velocity  of  rotation  is  lefs,  and  the  centri¬ 
fugal  force,  arifing  from  it  ads  lefs  dire&ly  againft  the  gravity 
of  the  parts ;  while  the  gravity  at  the  poles  is  not  at  all  af¬ 
fected  by  the  rotation.  The  equilibrium  that  was  fuppofed  to 
be  among!!  the  parts  will  not,  therefore,  now  fubftft  in  a  fphe- 
rical  figure,  but  will  be  deftroyed  by  the  inequality  of  their 
gravitation,  till  the  water  rife  at  the  equator  and  fink  at  the 
poles,  fo  as,  by  a  greater  height  at  the  equator,  to  compenfate 
the  greater  gravity  at  the  poles ;  and  till,  by  afluming  an  in¬ 
termediate  height  in  the  intermediate  places,  the  whole  earth 
become  of  an  oblate  fpheroidal  form,  whofe  diameter  at  the 
equator  will  be  the  greateft,  and  the  axis  the  leaf!,  of  all  the 
lines  that  can  pafs  through  the  center. 

2.  If  the  gravity  of  a  body  at  the  equator  wras  deftroyed,  the 
motion  of  rotation  would  there  make  it  go  off  in  a  tangent  to 
the  earth  ;  and  by  moving  in  the  tangent  it  would  rife,  in  a 
fecond  of  time,  from  the  fpherical  body  of  the  earth,  as  much 
as  one  extremity  of  the  arc  which  bodies  defcribe  there,  in  a 
fecond,  falls  below  the  tangent  drawn  at  the  other  extremity  : 
and  this  is  found  to  be  a  fpace  of  about  7^54  lines y  French 
meafure.  The  effeCt  of  the  centrifugal  force  of  bodies  at  the 
equator,  in  a  fecond  of  time,  is  proportional  to  this  fpace.  The 
effe&  of  the  centrifugal  force  at  any  place  at  a  diftance  from 
the  equator,  for  example,  at  Paris ,  is  lefs  for  the  reafons  a- 
bove  mentioned  ;  and,  there,  it  is  found,  by  calculation, 
that  it  could  only  produce  a  motion  of  3? 2  6  7  hnes  in  a  fe¬ 
cond.  Add  this  to  what,  by  experiments,  bodies  are  found 
to  defcribe  by  their  gravity  at  Paris ,  viz.  1 5  feet,  1  inch  and 
2  lines,  and  the  fum  2177,267  lines  will  {hew  the  fpace  which 

bodies  would  defcribe  by  their  gravity,  in  a  fecond  of  time,  if 
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there  was  no  centrifugal  force  there.  By  comparing  this  with 
the  effect  of  the  centrifugal  force  at  the  equator,  in  the  fame  time, 
we  lhall  find  that  the  centrifugal  force,  there,  is  the  5|-  part  of  the 
power  of  gravity,  becaufe  7,54  is  to  2177,26735  1  to  289. 

3.  From  this  it  follows,  that  a  body  at  the  equator  lofes 
at  ieaft,  of  its  gravity  ;  and  the  equator  muft  be,  at  leaft, 
higher  than  the  poles  from  the  centre  of  the  earth.  But  as  the 
parts  of  the  equator  lofe  ftill  of  their  gravity  as  they  rife  from 
the  centre  of  the  earth,  and  the  regular  courfe  of  gravity  is 
altered  by  the  change  of  figure,  this  is  not  the  true  proportion 
of  the  height  of  the  earth  at  the  equator,  to  its  height  at  the  poles. 

Our  author,  who  was  never  at  a  lofs  to  find  fome  expe¬ 
dient  by  which  he  might  determine,  accurately  or  near  the 
truth,  what  he  wanted ;  in  order  to  take  in  thefe  perplexed 
confiderations,  affumes,  as  an  hypothefes,  that  the  axis  of  the 
earth  is  to  the  diameter  of  the  equator,  as  100  to  101  ;  he 
thence  determines  what  muft  be  the  centrifugal  force  at  the 
equator,  that  the  earth  might  take  fuch  a  form,  and  finds  it 
muft  be  4-  of  gravity,  and  therefore  would  exceed  the  pre- 
fent  centrifugal  force  there,  which  is  only  of  gravity.  By 
the  rule  of  proportion,  he  fays,  that  if  a  centrifugal  force 
equal  to  of  gravity,  would  make  the  earth  higher  at  the 
eouator  than  at  the  poles,  by  ~  of  the  whole  height  at  the 
poles,  a  centrifugal  force  that  is  the  -j,  of  gravity,  will  make 
it  higher  by  a  proportional  excefs,  which  is  found  by  calcu¬ 
lation  to  be  of  the  height  at  the  poles  ;  and  thus  our  author 
difcovers  that  the  diameter  at  the  equator  is  to  the  diameter 
at  the  poles,  or  the  axis,  as  230  to  229. 

4.  This  computation  fuppofes  the  earth  to  be  of  an  uni¬ 
form  denfity  every  where  :  but  if  the  earth  is  more  denfe  near 

2  the 
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the  centre,  then  bodies  at  the  poles  will  be  more  attra&ed  by 
this  additional  matter  being  nearer  to  it ;  and,  for  this  reafon, 
the  excefs  of  the  femidiameter  of  the  equator  above  the  femi- 
axis  will  be  different.  What  we  have  faid  of  a  fluid  earth 
muff  hold  of  the  earth  in  its  prefent  ftate  ;  for  if  it  had  not 
this  figure  in  its  folid  parts,  but  a  fpherical  figure,  the  ocean 
would  overflow  all  the  equatorial  regions,  and  leave  the  polar 
regions  elevated  many  miles  above  the  level  of  the  fea ;  whereas 
we  find  the  one  is  no  more  elevated  above  the  level  of  the 
ocean,  than  the  other. 

5.  The  planet  Jupiter  revolves  on  his  axis  with  much  more 
rapidity  than  our  earth,  and  finifhes  his  diurnal  rotation  in  lefs 
than  ten  hours.  The  denfity  of  that  planet  is  alfo  lefs ;  and 
therefore  his  figure  is  more  different  from  a  fphere  than  the 
figure  of  the  earth,  and  his  equatorial  diameter  exceeds  his 
axis  in  a  greater  proportion.  Their  difference  is  fo  fenfible, 
that  they  are  found,  by  the  obfervations  of  aftronomers,  to  be 
to  one  another  as  1 3  is  to  1  2. 

6.  The  decreafe  of  gravity  from  the  poles  towards  the  e~ 
quator,  is  very  manifeft  from  the  motion  of  pendulums.  A 
pendulum  that  vibrates,  in  a  fecond,  in  the  northern  regions, 
when  carried  to  the  equator,  is  always  found  to  move  too  flow, 
and  requires  to  be  made  fhorter  to  vibrate  truly  in  a  fecond. 
This  fheWs  the  gravity  is  lefs  there  :  and  this  obfervation  con¬ 
firms  the  diurnal  motion  of  the  earth,  and  its  oblate  fpheroidal 
figure  at  the  fame  time.  It  is  alfo  a  confequence  of  this  figure 
of  the  earth,  that  the  degrees  in  a  meridian  muff  increafe  from 
the  equator  to  the  poles  ;  but  the  difference  is  fo  fmall  that  it 
cannot  be  difcovered,  from  obfervation,  but  in  latitudes  that, 
differ  confiderably  from  each  other  ;  and  the  variation  ol  the 
degrees,  that  are  near  one  another,  appears,  by  our  author  s  , 

Y  y  2  computations, 
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computations,  to  be  incomparably  lefs  adapted  for  judging  of 
the  figure  of  the  earth,  than  the  motion  of  pendulums,  in 
which0  the  leaft  variation  becomes  very  fenfible,  in  a  great 
number  of  vibrations. 

'  7.  Some  have  imagined  the  flownefs  of  the  pendulums,  at 
tl^  equator,  may  have  proceeded,  from  the  rod  of  the  pen¬ 
dulum  being  extended  to  a  greater  length,  by  the  heat  :  but 
our  author  has  fhewed,  that  this  could  produce  but  a  very 
fmall  part  of  the  effeft.  Mr.  Richer ,  who  was  very  careful  in 
making  his  obfervations,  found,  that  a  pendulum  vibrating  in 
a  fecond  of  time,  in  the  ifland  of  Cayenne ,  was  fhorter  than 
one  that  vibrated,  in  the  fame  time,  at  Paris,  by  one  line  and 
a  fourth  part  of  a  line.  Our  author,  with  good  reafon,  thinks 
that  a  difference  of  one  fixth  part  of  a  line,  may  be  allowed 
as  the  effect  of  the  heat ;  and,  fubduCting  this  from  the  dif¬ 
ference  obferved  by  Mr.  Richer ,  the  remainder,  i  line  and  ^  of 
a  line,  is  the  difference  owing  to  the  decreafe  of  gravity,  and 
is  very  confonant  to  what  our  author  draws  from  his  theory. 
This  obfervation  and  our  author’s  theory  agree,  in  allowing 
feventeen  miles  for  the  excefs  of  the  height  of  the  earth  at  the 
equator,  above  its  height  at  the  poles. 

8,  From  the  oblate  figure  of  the  earth,  our  author  has  ac¬ 
counted  for  the  precejfion  of  the  equinoxes.  .  We  commonly 
fuppofe,  that,  while  the  earth  moves  in  her  orbit  round  the  fun, 
her  axis  continues  always  parallel  to  itfelf,  fo  as  to  form  an 
invariable  angle  with  the  chptic  of  about  66-  t  from  hence  it 
is,  that  the  plane  of  the  equator  is  inclined  to  the  ecliptic,  in 
an  angle  of  23!°,  and  produced  pafies  through  the  centre  of 
the  fun,  twice  only  in  every  revolution.  The  points  of  the 
heavens,  where  the  centre  of  the  fun  appears  to  be,  in  thefe 

two  cafes,  are  called  the  equinoctial  points.  In  any  other 

parts 
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parts  of  the  earth’s  orbit,  the  fun  is  on  one  fi.de  of  the  plane 
of  the  equator  ;  being  to  the  north  of  it  in  the  fummer  half 
of  the  year,  and  to  the  fouth  of  it  in  the  winter  half.  Thefe 
equinoctial  points  are  not  fixed  in  the  heavens,  but  have  a  flow 
motion,  from  eaft  to  weft,  among  the  ftars,  of  about  50"  in 
a  year  ;  and  hence  it  is,  that  the  interval  of  time  betwixt  any 
equinox  and  that  fame  equinox,  in  the  following  revolution  of 
the  earth  (which  aftronomers  call  the  tropical  year),  is  fome 
minutes  fhorter  than  the  fukreal  year,  or  the  period  wherein 
the  earth  revolves  from  one  point  of  her  orbit,  to  the  fame 
point  again  :  and,  becaufe  the  retrograde  motion  of  the  equi¬ 
noctial  points  thus  advances  the  time  of  every  equinox  a  little 
fooner  than  it  would  otherwife  have  happened,  this  pheno¬ 
menon  is  called  the  preceflion  of  the  equinoxes.  The  philo- 
fophers  who  maintained  the  Ptolemaic  fyftem  afcnbed  this  mo¬ 
tion  to  the  fixed  ftars  ;  and,  in  their  ordinary  way,  made  no 
fcruple  to  contrive  a  fphere  for  this  purpofe,  which  they  fup- 
pofed  to  revolve  with  a  very  flow  motion  on  the  poles  of  the 
ecliptic,  and  to  carry  all  the  fixed  ftars  along  with  it ;  where¬ 
as  this  phenomenon  is  accounted  for  by  a  retrograde  motion 
of  the  nodes  of  the  equator  and  ecliptic,  fimilar  to  the  mo¬ 
tion  of  the  nodes  of  the  moon’s  orbit.  » 

It  was  fhewn  above,  how  the  action  of  the  fun  produces 
the  retrograde  motion  of  the  nodes  of  the  moon  ;  and  it  fol¬ 
lows  from  the  fame  principles,  that  if  a  planet  revolved  about 
the  earth  near  to  its  furface  in  the  plane  of  the  equator,  its 
nodes  would  alfo  go  backward,  tho’  with  a  flower  motion 
than  thofe  of  the  moon,  in  proportion  as  its  diftance  from  the 
earth’s  centre  was  lefs  than  that  of  the  moon.  Suppofe  the 
number  of  fuch  planets  to  be  increafed  till  they  touch  each 
other  and  form  a  ring  in  the  equator,  and  the  nodes  or  this 
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ring  would  go  backward  in  the  fame  manner  as  the  nodes  of 
the  orbit  of  any  one  planet  revolving  there.  Suppofe  then  this 
ring  to  adhere  to  the  earth  ;  and  its  nodes  would  ftill  go  back¬ 
ward,  but  with  a  much  flower  motion,  becaufe  the  ring 
muft  move  the  whole  earth,  to  which  it  is  fuppofed  to 
adhere.  The  elevation  of  the  equatorial  parts  of  the  earth 
has  the  fame  effed  as  fuch  a  ring  would  have  ;  only  the  mo¬ 
tion  of  the  nodes  of  the  equator,  or  of  the  equinodial  points, 
is  flower,  becaufe  the  accumulated  parts  of  the  earth*  above  a 
fpherical  figure,  are  diffufed  over  its  furface,  and  have  a  lefs 
effed  than  if  they  were  all  colleded  in  the  plane  of  the  e~ 
quator,  in  the  form  of  a  ring.  The  moon  has  a  greater  force 
on  this  ring  than  the  fun,  becaufe  of  her  lefs  diflance  from  the 
earth  ;  and  they  both  contribute  to  produce  the  retrograde  mo¬ 
tion  of  the  equinodi&l  points  :  the  motion,  however,  produced 
by  both  is  fo  flow,  that  thofe  points  will  not  fmifh  a  revo¬ 
lution  in  lefs  than  25000  years.  Our  author  has  determined 
the  quantity  of  this  motion,  from  its  caufes,  and  finds  it,  from 
the  theory,  to  be  perfedly  confonant  with  the  obfervations  of 
aftronomers. 

There  is%nother  effed  of  the  adion  of  the  fun  and  moon 
on  this  ring,  which  is  too  fmall  to  be  fenfible  in  aftronomical 
obfervations  :  their  adion  on  the  ring,  makes  its  inclination 
to  the  ecliptic  to  decreafe  and  increafe,  by  turns,  twice  every 
year, 
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CHAP  VII. 

Of  the  ebbing  and  flowing  of  the  flea. 

y. 

IT  is  not  in  the  motions  of  the  celeftial  bodies  only,  that  the 
effefts  of  their  mutual  gravitation  are  vifible,  for  we  are 
now  to  fhew,  that  a  phenomenon  which  pafles  on  our  earth, 
and  is  known  to  every  body,  proceeds  from  the  fame  principle ; 

I  mean,  the  ebbing  and  flowing  of  the  fea,  the  folution  of 
which,  from  the  bad  fuccefs  of  thofe  who  attempted  it  before 
our  author,  had  become  a  reproach  to  philofophy.  But  he 
has  very  plainly  and  fully  accounted  for  it,  from  the  unequal 
gravitations  of  the  parts  of  the  earth  towards  the  fun  and  moon. 
It  will  be  worth  while,  becaufe  it  is  a  very  celebrated  quefhon, 
to  be  the  more  particular  in  explaining  his  folution  of  it. 

It  is  obvious,  that,  if  the  earth  was  entirely  fluid,  and  qui- 
efcent,  its  particles,  by  their  mutual  gravity  towards  each 
other,  would  form  themfelves  into  the  figure  of  an  exadt  fphere. 
Suppofe  now,  that  fome  power  a&s  on  all  the  particles  of  this 
earth  with  an  equal  force,  and  in  parallel  directions,  the  whole 
mafs  will  be  moved  by  fucli  a  power,  but  its  figure  will  fuffei 
no  alteration  by  it  ;  becaufe  all  the  particles  being  equally 
moved  by  this  power,  in  parallel  lines,  they  will  M  keep  the 
fame  fituation  with  refpect  to  each  other,  and  lull  form  a 
fphere  whofe  centre  will  have  the  fame  motion  as  each  par- 
tide.  ’  For,  as  a  drop  of  water,  while  it  falls  towards  the 
earth,  retains  its  fpherical  figure  ;  and,  as  the  fituation  of 
bodies  in  a  fhip,  that  moves  with  an  uniform  motion  forward, 
is  no  way  affeded  by  the  motion  which  is  common  to  the  imp 
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and  all  the  bodies  in  it  ;  fo  the  fituation  of  the  parts  of  the 
earth,  with  refped  to  each  other,  can  be  no  way  affeded  by 
any  power  that  ads  with  the  fame  force,  and  in  the  fame 

diredion,  on  every  part,  and  promotes  each  equally. 

*  •  ■  * 

We  have  already  fhewed,  that  the  particles  of  the  earth  gra¬ 
vitate  towards  the  moon,  and  if  the  gravitation  of  the  particles 
was  every  where  the  fame,  and  aded  in  the  fame  diredion,  it 
would  have  no  effed  on  the  figure  of  the  earth ;  fo  that,  if 
the  motion  of  the  earth  round  the  common  centre  of  gravity  of 
the  earth  and  moon  was  deftroyed,  and  the  earth  was  left  to 
the  influence  of  its  gravitation  towards  the  moon,  the  earth 
falling  towards  the  moon  would  retain  its  fpherical  figure,  all 
the  parts  being  equally  carried  on,  and  retaining,  therefore, 
the  fame  fituation  with  refped  to  each  other. 

But  the  adions  of  the  moon,  on  different  parts  of  the  earth, 
are  unequal ;  thofe  parts,  by  the  general  law,  being  moft  at- 
traded  which  are  neareft  the  moon,  and  thofe  being  leaft  at- 
traded  which  are  fartheft  from  the  moon  ;  while  the  parts  that 
are  at  a  middle  diftance,  are  attraded  by  a  mean  degree  of 
force :  nor  are  all  the  parts  aded  on  in  parallel  lines,  but  in 
lines  direded  towards  the  centre  of  the  moon  :  and,  on  thefe 
accqunts,  the  fpherical  figure  of  the  earth  muff  fuffer  fome 
change  from  the  moon’s  adion. 

Suppofe  the  earth  to  fall  towards  the  moon,  as  before,  and 
let  us  abftrad  from  the  mutual  gravitation  of  its  parts  to¬ 
wards  each  other,  as  alfo  from  their  cohefion  ;  and  it  will 
eafily  appear,  that  the  parts  neareft  the  moon  would  fall  with 
the  fwifteft  motion,  being  moft  attraded,  and  that  they  would 

leave  the  centre  or  greater  bulk  of  the  earth  behind  them  in 

their 
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their  fall  ;  while  the  more  remote  parts  would  fail  with  the 
fioweft  motion,  being  lefs  attracted  than  the  reft,  and  be  left 
a  little  behind  the  bulk  of  the  earth,  fo  as  to  be  found  at 
a  greater  diftance  from  the  centre  of  the  earth  than  at  the  be¬ 
ginning  of  the  motion.  From  which  it  is  manifeft,  that  the 
earth  would  foon  lofe  its  fpherical  figure,  and  form  itfelf  into 
an  oblong  fpheroid,  whofe  longeft  diameter  would  point  at  the 
centre  of  the  moon.  If  the  particles  of  the  earth  did  not  gra¬ 
vitate  towards  each  other,  but  towards  the  moon  only,  the 
diftances  betwixt  the  parts  of  the  earth  that  are  fuppofed  to  be 
neareft  to  the  moon,  and  the  central  parts,  would  continually  in- 
creafe,  becaufe  of  their  greater  celerity  in  falling  ;  and  the 
diftance  betwixt  the  central  parts,  and  the  parts  that  are  fartheft 
from  the  moon,  would  increafe  continually  at  the  fame  time  ; 
thefe  being  left  behind  by  the  central  parts,  which  they  would 
follow,  but  with  a  lefs  velocity.  Thus  the  figure  of  the  earth 
would  become  more  and  more  oblong,  that  diameter  of  it 
which  pointed  towards  the  moon  continually  increafing. 

But  this  is  not  the  only  reafon  why  the  earth  would  foon  af- 
fume  an  oblong  fpheroidal  form,  if  its  parts  were  allowed  to 
fall  freely  by  their  gravity  towards  the  moon’s  centre.  The  la¬ 
teral  parts  of  the  earth  (that  is,  thofe  which  are  at  the  diftance 
of  a  quarter  of  a  circle  from  the  point  which  is  directly  below 
the  moon)  and  the  central  parts  defcending  with  equal  velo¬ 
cities,  towards  the  fame  point,  viz.  the  centre  of  the  moon,  in 
approaching  to  it,  would  manifefty  approach,  at  the  fame  time, 
to  each  other,  and,  their  diftance  growing  lefs,  the  diameters 
of  the  earth  pafllng  through  them  would  become  lefs  ;  fo  that 
the  diameter  of  the  earth  that  points  towards  the  moon  would 
increafe,  and  thofe  diameters  of  the  earth  that  are  perpendi¬ 
cular  to  the  line  joining  the  centres  of  the  earth  and  moon, 

Z  z  would 
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would  dccreafe  at  the  fame  time,  and  render  the  figure  of  the 
earth  ftill  more  oblong  for  this  reafon. 

Let  us  now  allow  the  parts  of  the  earth  to  gravitate  towards 
its  centre  ;  and,  as  this  gravitation  far  exceeds  the  action  of 
the  moon,  and  much  more  exceeds  the  differences  of  her 
actions  on  the  different  parts  of  the  earth,  the  effedt  that  will 
refult  from  the  inequalities  of  thefe  addons  of  the  moon,  will  be 
only  a  fmall  diminution  of  the  gravity  of  thofe  parts  of  the 
earth  which  it  endeavoured,  in  our  former  fuppofition,  to  fepa- 
rate  from  its  center,  and  a  fmall  addition  to  the  gravity  of  thefe 
parts  which  it  endeavoured  to  bring  nearer  to  its  center  ;  that 
is,  thofe  parts  of  the  earth  which  are  neareft  to  the  moon, 
and  thofe  which  are  fartheft  from  her,  will  have  her  gravity 
towards  the  earth  fomewhat  abated ;  whereas  the  lateral 
*  parts  will  have  their  gravity  increafed  :  fo  that,  if  the  earth 
be  fuppofed  fluid,  the  columns  from  the  center  to  the  neareft 
and  to  the  fartheft  parts  muft  rife,  till,  by  their  greater  height,, 
they  be  able  to  ballance  the  other  columns,  whofe  gravity  is 
either  not  fo  much  diminifhed,  or  is  increafed  by  the  inequali¬ 
ties  of  the  addon  of  the  moon  r  and  thus  the  figure  of  the 
fluid  earth  muft  be  ftill  an  oblong  fpheroid. 

We  have  hitherto  fuppofed  the  earth  to  fall  towards  the  moon 
by  its  gravity.  Let  us  now  confider  the  earth  as  projedted  in  any 
diredfion,  fo  as  to  move  round  the  centre  of  gravity  of  the  earth 
and  moon  :  it  is  manifeft,  that  the  gravity  of  each  particle  to¬ 
wards  the  moon  will  endeavour  to  bring  it  as  far  from  the  tangent, 
in  any  fmall  moment  of  time,  as  if  the  earth  was  allowed  to  fall 
freely  towards  the  moon  ;  in  the  fame  manner  as  any  projeddle, 
at  our  earth,  falls  from  the  line  of  projeddon  as  far  as  it  would 
fall  by  its  gravity  in  the  perpendicular,  in  the  fame  time.  Therefore 
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the  parts  of  the  earth  neareft  to  the  moon,  will  endeavour  to 
fall  fartheft  from  the  tangent,  and  thofe  fartheft  from  the  moon 
will  endeavour  to  fall  leaft  from  the  tangent,  of  all  the  parts  of 
the  earth ;  and  the  figure  of  the  earth,  therefore,  will  be  the 
fame  as  if  the  earth  fell  freely  towards  the  moon  :  that  is,  the 
earth  will  ftill  affed  a  fpheroidal  for  having  its  longeft  dia¬ 
meter  directed  towards  the  moon. 

What  muft  be  carefully  attended  to  here,  is,  that  it  is  not 
the  adion  of  the  moon,  but  the  inequalities  in  that  action, 
that  produce  any  variation  from  the  fpherical  figure  ;  and  that 
if  this  adion  was  the  fame  in  all  the  particles  as  in  the  central 
parts,  and  acted  in  the  fame  direction,  no  fuch  change  would 
enfue.  Out  author,  therefore,  to  account  for  this  matter, 
conceives  firft  the  attradion  of  the  central  parts  to  be  diffufed 
with  an  equal  force  over  all  the  parts,  in  the  fame  direction, 
and  then  conceives  the  inequalities  as  arifing  from  a  powei 
fuperadded,  and  directed  towards  the  moon  where  there  is  an 
excefs,  and  directed  in  the  oppofite  line  where  there  is  a  de¬ 
fied ,  in  the  attradion  of  the  parts,  compared  with  the  at- 
tradion  of  the  central  parts :  for  thus  the  fum  of  thefe  forces, 
in  the  firft  cafe,  will  account  for  the  attradion  where  it  exceeds, 
and  their  difference  will  account  for  the  attradion  where  it  is 
lefs  than  in  the  central  parts.  And  when  the  effeds  of  thefe 
powers  are  confidered  as  they  affed  the  figure  of  the  earth,  it 
is  manifeft  that  they  muft  produce  fuch  an  oblong  fpheroid  as 
we  have  defcribed ;  the  fuperadded  force  drawing  the  parts 
neareft  the  moon  tov/ards  her,  and  therefore  from  the  earth’s 
centre,  while  it  draws  the  parts  fartheft  from  the  moon  in  an 
oppofite  diredion  ;  and  therefore  ftill  draws  from  the  centre  of 

the  earth  alfo. 
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The  action  of  the  moon  on  the  lateral  parts  is  refolved  into 
two,  one  equal  and  parallel  in  its  direction  to  her  action  on  the 
central  parts,  and  another  directed  from  thofe  lateral  parts  to¬ 
wards  the  centre  of  the  earth  ;  the  fird  of  thefe  can  have  no 
effect  upon  the  figure  of  the  earth,  being  confidered  as  com¬ 
mon  to  all  the  particles,  and  therefore  to  be  neglcded  in  this 
enquiry  :  it  is  the  other  that  adds  to  the  gravity  of  the  lateral 
parts  towards  the  centre  of  the  earth,  and,  by  adding  to  the 
weight  of  the  lateral  columns,  it  makes  them  fuftain  the  other 
columns,  whole  gravity  is  diminifhed  by  the  action  of  the 
moon,  to  a  greater  height ;  and  the  power  which  alters  the 
fpherical  figure  is  to  be  eftimated  as  the  fum  of  two  powers, 
that  which  is  added  to  the  gravity  of  the  one,  and  is  fubdu&ed 
from  the  gravity  of  the  other. 

Hitherto  we  have  abdracted  from  the  motion  of  the  earth  on 
its  axis :  but  this  muft  alfo  be  confidered  in  order  to  know  the 
a  al  tded  oi  the  moon  s  actions  on  the  lea.  "Was  it  not  for 
this  motion,  the  longed:  diameter  of  the  fpheroidal  figure, 
whicti  the  fluid  earth  would  affume,  would  point  at  the  moon’s 
centre  ;  but,  becaufe  ot  the  motion  of  the  whole  mafs  of  the 
earth  on  its  axis  from  wed  to  ead,  the  mod  elevated  part  of 
the  water  no  longer  anfwers  precifely  to  the  moon,  but  is 
carried  beyond  the  moon  towards  the  ead  in  the  diredion  of 
the  rotation. 

The  water  continues  to  rife  after  it  has  paffed  diredly  under 
the  moon,  tho’  the  immediate  a&ion  of  the  moon  there  begins 
to  decreafe,  and  comes  not  to  its  greated  elevation  till  it  has 
got  half  a  quadrant  further.  It  continues  to  defeend  after  it 
has  paffed  at  90  degrees  didance  from  the  point  below  the 
moon,  tho’  the  force  which  the  moon  adds  to  its  gravity  be¬ 
gins  to  decreafe  there.  For  dill  the  action  of  the  moon  adds. 
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to  its  gravity,  and  makes  it  dele  end  till  it  has  got  half  a  qua 
drant  farther  :  the  greateft  elevation,  therefore,  is  not  in  the 
points  which  are  in  a  line  with  tne  ccnties  of  the  eaith  and 
moon,  but  about  half  a  quadrant  to  tire  caff  of  thefe  points  in 
the  direction  of  the  motion  of  rotation. 

Thus  it  appears  that  the  fpheroidal  form,  which  the  fluid 
earth  would  affea,  will  be  fo  fituated  that  the  longeft  dia¬ 
meter  of  that  figure  will  point  to  the  eaft  of  the  moon,  or 
that  the  moon  will  always  be  to  the  were  01  the  meridian  oi  the 
parts  of  greateft:  elevation.  Suppofe  now  an  ifland  in  this 
fluid  earth,  and  it  will  approach  in  every  revolution  to  each 
elevated  part  of  this  fpheroid,  and  the  water  on  the  fhore  of 
this  ifland  will  neceflarily  rife  twice  every  lunar  day  ;  and  the 
time  of  high  water  will  be  when  it  approaches  to  theie  elevated 
parts,  that  is,  when  it  has  pafled  to  the  eaft  of  the  moon,  or 
when  the  moon  is  at  fome  diftance  to  the  weft  of  the  meri¬ 
dian. 

We  have  hitherto  taken  notice  of  the  action  of  the  moon 
only  :  but  it  is  manifeft,  that,  for  the  fame  reafons,  the  in¬ 
equality  of  the  fun’s  action  on  the  different  parts  of  the  earth 
would  produce  a  like  effedt,  and  that  thefe  alone  would  pro¬ 
duce  a  like  variation  from  the  exadt  fpherical  figure  of  a  fluid 
earth  Indeed  the  effedt  of  the  fun,  becaufe  of  his  immenfe 
diftance,  muft  be  confiderably  lefs,  tho’  the  gravity  towards 
the  fun  be  vaftly  greater.  For  it  is  not  their  adlions,  _but  the 
inequalities  in  the  adions  of  each,  which  have  any  effedt  ;  as 
we  have  often  obferved.  The  fun’s  diftance  is  fo  great,  that  the 
diameter  of  the  earth  is  as  a  point  compared  to  it,  and  the  dif¬ 
ference  between  the  aftkJ  of  the  fun  on  the  neareft  and 
fertheft  parts  becomes,  on  this  account,  vaftly  lefs  than  it 

would  be  if  the  fun  was  as  near  as  the  moon,  whofe  diftance . 

from 
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from  us  is  about  30  diameters  of  the  earth.  Thus  the  in¬ 
equality  of  the  adion  of  the  earth  on  the  parts  of  a  drop  of 
water  is  altogether  infenflble,  becaufe  the  diameter  of  the  drop 
is  an  infenflble  quantity  compared  with  its  diftance  from  the 
centre  of  the  earth. 

However,  the  immenfe  bulk  of  the  fun  makes  the  effed 
ftill  fenftble  at  fo  vaft  a  diftance  ;  and  therefore,  tho’  the 
adion  of  the  moon  has  the  greatefl  fhare  in  producing  the 
tides,  the  adion  of  the  fun  adds  fenflbly  to  it  when  they  con- 
fpire  together,  as  in  the  change  and  full  of  the  moon,  when 
they  are  nearly  in  the  fame  line  with  the  centre  of  the  earth, 
and  therefore  unite  their  forces  ;  fo  that  then  the  tides  are 
greatefl,  and  are  what  we  call  the  fpring  tides.  The  adion 
of  the  fun  diminifhes  the  effed  of  the  moon’s  adion  in  the 
quarters,  becaufe  the  one  raifes  the  water  in  that  cafe  where 
the  other  depreffes  it  ;  and  therefore  the  tides  then  are  leaft  ; 
and  thefe  we  call  the  neap  tides .  Tho’,  to  Ipeak  accurately, 
the  fpring  and  neap  tides  muft  be  fome  time  after  ;  becaufe, 
as  in  other  cafes,  fo  in  this,  the  effed  is  not  greatefl  or  leaft 
when  the  immediate  influence  of  the  caufe  is  greatefl  or  leaft. 
As  the  greatefl  heat,  for  example,  is  not  on  the  folftitial  day, 
when  the  immediate  adion  of  the  fun  is  greatefl:,  but  fome 
time  after. 

That  this  may  be  more  clearly  underftood,  let  it  be  con- 
fldered,  that,  tho’  the  adions  of  the  fun  and  moon  were  to 
ceafe  this  moment,  yet  the  tides  would  continue  to  have  their 
courfe  for  fome  time  :  For  the  water  where  it  is  now  higheft 
would  fubftde  and  flow  down  on  the  parts  that  are  lower,  till, 
by  the  motion  of  defcent,  being  there  accumulated  to  too  great 
a  height,  it  would  neceffarily  return  again  to  its  firft  place, 
tho’  in  a  lefs  meafure,  being  retarded  by  the  reftftance  arifing 

from 
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from  the  attrition  of  its  parts.  Thus  it  would  for  fome  time 
continue  in  an  agitation  like  to  that  in  which  it  is  at  prcfcnt. 
The  waves  of  the  fea  that  continue  after  a  ftorm  ccafes,  and 
every  motion  almoft  of  a  fluid,  may  illuftrate  this. 

The  high  water  does  not  always  anfwcr  to  the  feme  fttuation 
of  the  moon,  but  happens  fometimes  fooner,  and  fomctimes- 
later,  than  if  the  moon  alone  acted  on  the  fea.  This  proceeds 
from  the  adion  of  the  fun,  which  brings  on  high  water  fooner 
when  the  fun  alone  would  produce  a  tide  earlier  than 
the  moon,  as  the  fun  manifeffly  would  in  the  firft  and  third 
quarter  ;  and  retards  the  time  of  high  water  a  little,  when  the 
fun  alone  would  produce  a  tide  later  than  the  moon,  as  in  the 
fecond  and  laft  quarters.  The  different  diftances  of  the  moon 
from  the  earth,  produce  likewife  a  fenflble  variation  in  the 
tides.  When  the  moon  approaches  the  earth,  her  action  on 
every  part  increafos,  and  the  differences  of  that  action,  on 
which  the  tides  depend,  increafe.  For  her  adion  increafes  as 
the  fquares  of  the  diftances  decreafe  5  andtho’  the  differences  of 
the  diftances  themfelves  be  equal,  yet  there  is  a  greater  dis¬ 
proportion  betwixt  the  fquares  of  lefs  than  the  fquares  of 
treater  quantities.  As  for  example  3  exceeds  2  as  much  as  2 
exceeds  1,  but  the  fquare  of  2  is  quadruple  of  the  fquare  of  1, 
while  the  fquare  of  3  [viz,  9.)  is  little  more  than  double  the 
fquare  of  2  [viz.  4 )  Thus  it  appears,  that,  by  the  moon’s 
approach,  her  adion  on  the  neareft  parts  increafes  more  quickly 
than  her  adion  on  the  remote  parts,  and  the  tides,  tnerefore, 
increafe  in  a  higher  proportion  as  the  diftances  or  the  moon  de- 
creafe.  Our  author  fhews  that  the  tides  increafe  in  proportion 
as  the  cubes-  of  the  diftances  decreafe,  io  that  the  moon  at  hah 
her  prefent  diftance  would  produce  a  tide  eight  times  greater, 
Tjie  moon  defenbes  an-  ellipfe  about  the  earth,  and  m  he, 

■7  neareft. 
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neareft  cl  1  fiance  produces  a  tide  fenfibly  greater  than  at  her 
greateft  difiance  from  the  earth  :  and  hence  it  is  that  two  great 
fpring  tides  never  fucceed  each  other  immediately  ;  for,  if  the 
moon  be  at  her  neareft  diftance  from  the  earth  at  the  change, 
foe  muft  be  at  her  greateft  diftance  at  the  full,  having,  in  the 
intervening  time,  finifoed  half  a  revolution  ;  and  therefore  the 
fpring  tide  then  will  be  much  lefs  than  the  tide  at  the  change 
was  :  and  for  the  fame  reafon,  if  a  great  fpring  tide  happen  at 

the  time  ol  full  moon,  the  tide  at  the  enfuing  change  will  be 
lefs. 

It  is  manifefi,  that  if  either  the  fun  or  moon  was  in  the  pole, 
they  could  have  no  effed  on  the  tides  •  for  their  adion  would 
raife  all  the  water  at  the  equator  to  the  fame  height ;  and  any 
place  of  the  earth,  in  defcribing  its  parallel  to  the  equator, 
would  not  meet,  in  its  courfe,  with  any  part  of  the  water 
more  elevated  than  another  ;  fo  that  there  could  be  no  tide  in 
any  place.  The  effed  of  the  fun  or  moon  is  greateft  when  in 
the  equator  :  for  then  the  axis  of  the  fpheroidal  figure,  arifing 
from  their  adion,  moves  in  the  greateft  circle,  and  the  water 
is  put  into  the  greateft  agitation  ;  and  hence  it  is,  that  the 
fpring  tides  produced  when  the  fun  and  moon  are  both  in  the 
equator,  are  the  greateft  of  any,  and  the  neap  tides  are  the 
leafl  of  any,  about  that  time.  But  the  tides  produced  when  the 
!un  is  in  either  of  the  tropics,  and  the  moon  in  either  of  her 
quarters,  are  greater  than  thofe  produced  when  the  fun  is  in 
the  equator,  and  the  moon  in  her  quarters  ;  becaufe,  in  the 
•  lift  cafe,  the  moon  is  in  the  equator;  and,  in  the  latter  cafe, 
the  moon  js  in  one  of  the  tropics  :  and  the  tide  depends  more 
on  the  adion  of  the  moon  than  that  of  the  fun,  and  is  there¬ 
fore  greateft  when  the  moon’s  adion  is  greateft.  However, 
becaufe  the  fun  is  nearer  the  earth  in  winter  than  in  fummer’ 

hence 
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hence  it  is,  that  the  greateft  fpring  tides  are  after  the  autumnal 
and  before  the  vernal  equinox, 

9 

When  the  moon  declines  from  the  equator  towards  either 
pole,  one  of  the  greateft  elevations  of  the  water  follows  the 
moon,  and  defcribes  nearly  the  parallel  on  the  earth’s  furface 
which  is  under  that  which  the  moon,  becaufe  of  the  diurnal 
motion,  feems  to  defcribe  :  and  the  opposite  greateft  ele¬ 
vation,  being  Antipodes  to  that,  muft  defcribe  a  parallel  as  far 
orn  the  other  fide  of  the  equator  :  fo  that  while  the  one  moves 
on  the  north  fide  of  the  equator,  the  other  moves  on  the  fouth 
fide  of  it,  at  the  fame  diftance.  Now  the  greateft  elevation 
which  moves  on  the  fame  fide  of  the  equator,  with  any  place, 
will  come  nearer  to  it  than  the  oppofite  elevation,  which  moves 
in  a  parallel  on  the  other  fide  of  the  equator  ;  and  therefore, 
if  a  place  is  on  the  fame  fide  of  the  equator  with  the  moon, 
the  day  tide,  or  that  which  is  produced  while  the  moon  is 
above  the  horizon  of  the  place,  will  exceed  the  night  tide,  or 
that  which  is  produced  while  the  moon  is  under  the  horizon  of 
the  place.  It  is  the  contrary  if  the  moon  is  on  one  fide  and 
the  place  on  the  other  fide  of  the  equator ;  for  then  the  ele¬ 
vation  which  is  oppofite  to  the  moon,  moves  on  the  fame  fide 
of  the  equator  with  the  place,  and  therefore  will  come  nearer 
to  it  than  the  other  elevation.  This  difference  will  be  greateft 
when  the  fun  and  moon  both  defcribe  the  tropics ;  becaufe  the 
two  elevations  in  that  cafe  delcribe  the  oppofite  tropic  ,  which 
are  the  fartheft  from  each  other  of  any  two  parallel  circles  they 
can  defcribe.  Thus  it  is  found,  by  observation,  that  the  even¬ 
ing  tides  in  the  fummer  exceed  the  morning  tides,  and  the 
morning  tides  in  winter  exceed  the  evening  tides.  The  dif¬ 
ference  is  found  at  Prijlol  to  amount  to  fifteen  inches,  at  P ly- 
mouth  to  one  foot.  It  would  be  ftill  greater,  but  that  a  fluid 

A  a  a  always 
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V 

always  retains  an  impreffed  motion  for  fome  time  ;  fo  that  the 
preceding  tides  affed  always  thofe  that  follow  them  *. 

The  phenomena  of  particular  places  agree  with  thefe  general 
obfervations,  if  the  fituation  and  extent  of  the  feas  and  fhores, 
in  which  they  are  fltuated,  are  conftdered.  It  has  been  always 
known  that  the  tides  follow  the  motion  of  the  moon,  rifing 
twice  in  one  revolution  of  the  moon  to  the  meridian  of  any 
place  ;  which  exceeds  a  folar  day  by  above  f  of  an  hour,  be- 
caufe  the  proper  motion  of  the  moon  retards  fo  much  her  ap- 
pulfe  to  the  meridian  of  the  place.  All  the  eflre&s  of  the  fun’s 
a&ion,  fometimes  promoting,  fometimes  abating  the  effects  of 
the  adion  of  the  moon,  as  before  mentioned,  are  alfo  con¬ 
formable  to  perpetual  obfervation  :  and  the  tides  in  places  that 
lie  on  a  deep  and  open  ocean,  where  the  water  can  eafily 
follow  the  influences  of  the  fun  and  moon,  are  agreeable  to  this 
theory. 

That  the  tides  may  have  their  full  motion,  the  ocean  in 
which  they  are  produced  ought  to  be  extended  from  eaft  to 
weft  90°,  or  a  quarter  of  a  circle  of  the  earth,  at  leaft.  Be- 

*  See  Fig.  71.  (from  Sir.  Jfaac  Newton )  in  which  the  fpheroid  p  Ap  e  reprefcnts 
the  earth,  p,  p,  the  poles,  a  e  the  equator,  f  anyplace  not  in  the  equator,  f f 
its  parallel,  d  d  a  parallel  on  the  other  fide  of  the  equator,  l  the  moon’s  place 
three  hours  before,  h  the  place  of  the  earth  to  which  l  is  vertical,  and  h  the  oppolite 
place,  k,  k.,  places  qo°  diftant  from  thefe.  Then  will  c  h,  c  meafure  the 
greateft  elevations  of  the  water,  and  c  k,  c/t,  the  leaft.  cf,  cf  cd,  c  J,  will  be 
the  elevations  at  e ,  y,  d,  d.  And  if  n  m  is  a  circle  ol  the  fpheroid,  meeting 
the  equator  and  thefe  parallels  in  s,  r,  t,  cn  will  be.  the  elevation  of  the 
water  at  s,  r,  t,  or  any  other  places  in  the  circle  n  m.  The  higheft  tides 
at  any  place  f,  happen  at  f  and  y,  three  hours  alter  the  moon  s  palling 
the  meridian,  above  or  below  the  horizon  m,  and  the  lovveft  at  q_  three  honts 
after  her  letting  or  rifing.  And  if  f  and  l  are  on  the  fame  fide  of  the  equator,  the 
day  tide  will  rife  higher  than  the  night  tide,  c  f  being  greater  than  cf  ^  ’Tis  the 
contrary,  when  the  moon’s  declination  and  the  latitude  ol  a  place  d  are  of  oppolite 
denominations,  the  one  north  and  the  other  fouth  •,  becaufe  then  cd  is  greater  than  c  d. 
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caufe  the  places,  where  the  moon  raifes  mod,  and  mod  de- 
prefles,  the  water,  are  at  that  diftance  from  each  other. 
Hence  it  appears,  that  it  is  only  in  the  great  oceans  that  fuch 
tides  can  be  produced  ;  and  why  in  the  larger  pacific  ocean  they 
exceed  thofe  in  the  Atlantic  ocean.  Hence  alfo,  it  is  obvious 
why  the  tides  are  not  fo  great  in  the  torrid  zone,  between 
Afirica  and  America ,  where  the  ocean  is  narrower,  as  in  the 
temperate  zones  on  either  fide  ;  and,  from  this  alfo,  we  may 
underftand  why  the  tides  are  fo  fmall  in  ifiands  that  are  very 
far  diftant  from  the  fhores.  It  is  manifeft,  that,  in  the  Atlantic 
ocean,  the  water  cannot  rife  on  one  fhore  but  by  defcending 
on  the  other  ;  fo  that,  at  the  intermediate  diftant  iftands,  it 
muft  continue  at  about  a  mean  height  betwixt  its  elevation  on 
the  one  and  on  the  other  fhore. 

As  the  tides  pafs  over  fhoals,  and  run  through  ftraits  into 
bays  of  the  fea,  their  motion  becomes  more  various,  and  their 
height  depends  on  a  great  many  circumftances.  The  tide  that 
is  produced  on  the  weftern  coaftsof  Europe ,  in  the  Atlantic ,  cor- 
refponds  to  the  fituation  of  the  moon  we  defcribed  above.  Thus 
it  is  high  water  on  the  coafts  of  Spain ,  Portugal ,  and  the  weft 
of  Ireland ,  about  the  third  hour  after  the  moon  has  paffed  the 
meridian.  From  thence  it  flows  into  the  adjacent  channels,  as 
it  finds  the  eafieft  paflage.  One  current  from  it,  for  example, 
runs  up  by  the  fouth  of  England. ,  another  comes  in  by  the 
north  of  Scotland :  they  take  a  conflderable  time  to  move  all 
this  way,  and  it  is  high  water  fooner  in  the  places  to  which 
they  firft  come  ;  and  it  begins  to  fall  at  thofe  places,  while 
they  are  yet  going  on  to  others  that  are  farther  in  their  courfe. 
As  they  return,  they  are  not  able  to  raife  the  tide,  becaufe  the 
water  runs  fafter  off  than  it  returns,  till,  by  a  new  tide  propa¬ 
gated  from  die  open  ocean,  the  return  of  the  current  isftop’d, 
and  the  water  begins  to  rife  again.  The  tide  takes  twelve 

A  a  a  2  hours 
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hours  to  come  from  the  ocean  to  London- bridge^  fo  that,  when 
it  is  high  water  there,  a  new  tide  is  already  come  to  its  height 
in  the  ocean  ;  and,  in  fome  intermediate  place,  it  mull  be  low 
water  at  the  fame  time.  In  channels,  therefore,  and  narrow 
feas,  the  progrefs  of  the  tides  may  be,  in. fome  refpedts,  com¬ 
pared  to  the  motion  of  the  waves  of  the  fea.  Our  author  alfo 
obferves,  that  when  the  tide  runs  over  Ihoals,  and  flows  upon 
flat  fliores,  the  water  is  raifed  to  a  greater  height  than  in  the 
open  and  deep  oceans  that  have  fleep  banks ;  becaufe  the  force 
of  its  motion  cannot  be  broke,  upon  thefe  level  fliores,  till  the 
water  rifes  to  a  greater  height. 

1  •  4  ■*  ■  - 

If  a  place  communicates  with  two  oceans,  (or  two  different 
ways  with  the  fame  ocean,  one  of  which  is  a  readier  and  eafler 
paffage)  two  tides  may  arrive  at  that  place  in  different  times, 
which,  interfering  with  each  other,  may  produce  a  great  variety 
of  phenomena.  An  extraordinay  inllance  of  this  kind  is 
mentioned  by  our  author  at  Batjhay  a  port  in  the  kingdom  of 
Lunquin  in  the  Ecift  Indies ,  of  northern  latitude  20°  50'.  The 
day  in  which  the  moon  paffes  the  equator,  the  water  ftagnates 
there  without  any  motion  :  as  the  moon  removes  from  the 
equator,  the  water  begins  to  rife  and  fall  once  a  day  ;  and  it  is 
high  water  at  the  fetting  of  the  moon,  and  low  water  at  her 
riling.  This  daily  tide  increafes  for  about  feven  or  eight  days, 
and  then  decreafes  for  as  many  days  by  the  fame  degrees,  till 
this  motion  ceafes  when  the  moon  has  returned  to  the  equator. 
When  fhe  has  palled  the  equator,  and  declines  towards  the  fouth 
pole,  the  water  rifes  and  falls  again,  as  before  ;  but  ’tis  high 
water  now  at  the  rifing,  and  low  water  at  the  fetting,  of  the 

moon. 

\ 

*  <-) 

Our  author,  to  account  for  this  extraordinary  tide,  conflders 
that  there  are  two  inlets  to  this  port  of  BatJJ:ay  one  from  the 

Chinefe 
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Chinefe  ocean  betwixt  the  continent  and  the  Manillas ,  the 
other  from  the  Indian  ocean  betwixt  the  continent  and  Borneo. 
This  leads  him  to  propofe,  as  a  folution  of  the  phenomenon, 
that  a  tide  may  arrive  at  Batjha ,  through  one  of  thefe  inlets,  at 
the  third  hour  of  the  moon,  and  another  through  the  other 
inlet  fix  hours  after,  at  the  ninth  hour  of  the  moon.  For, 
while  thefe  tides  are  equal,  the  one  flowing  in  as  the  other 
ebbs  out,  the  water  muft  ftagnate  :  now  they  are  equal  when 
the  moon  is  in  the  equator  ;  but  as  foon  as  the  moon  begins  to 
decline  on  the  fame  fide  of  the  equator  with  Batjha ,  we  have 
fhewed  that  the  diurnal  tide  muft  exceed  the  nocturnal,  fo  that 
two  greater  and  two  iefler’tides  muft  arive  at  Batjha  by  turns. 
The  difference  of  thefe  will  produce  an  agitation  of  the  water, 
which  will  rife  to  its  greateft  height  at  the  mean  time  betwixt 
the  two  greateft  tides,  and  fall  loweft  at  a  mean  time  betwixt 
the  two  leaft  tides  ;  fo  that  it  will  be  high  water  about  the 
ftxth  hour  at  the  letting  of  the  moon,  and  low  water  at  her 
riling.  When  the  moon  has  got  to  the  other  fide  of  the 
equator,  the  nodurnal  tide  will  exceed  the  diurnal  ;  and 
therefore,  the  high  water  will  be  at  the  rifing,  and  low  water 
at  the  fetting,  of  the  moon.  The  fame  principles  will  fetve  to 
account  for  other  extraordinary  tides,  which,  we  are  told,  are 
obferved  in  places  whofe  fituation  expofes  them  to  fuch  ir¬ 
regularities. 

Our  author  does  hot  content  himfelf  with  thefe  general  ob~ 
fervations,  but  calculates  the  effe&s  of  the  fun  and  moon  upon 
the  tides,  from  their  attractive  powers.  The  augmentation  of 
the  gravity  of  the  lateral  parts  of  the  earth,  produced  by  the 
aCtion  of  the  fun,  is  a  fimilar  effect  to  an  augmentation,  efti- 
mated  by  him  before,  that  is  made  to  the  gravity  of  the  moon 
towards  the  earth  by  the  fame  adion,  when  the  moon  is  in  the 
quarters  j  only  the  addition  made  to  the  gravity  of  the  lateral 
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parts  is  *  about  6oi  times  lefs,  becaufe  their  diftance  from  the 
earth’s  centre  is  fo  many  times  lefs  than  the  diftance  of  the 
moon  from  it.  The  gravity  of  thofe  parts  of  the  earth  that 
are  diredly  beneath  the  fun,  and  of  thofe  oppoftte  to  it,  is  di- 
minifhed  by  a  double  quantity  of  what  is  added  to  the  lateral 
parts  ;  and  as  the  diminution  of  gravity  of  the  one,  and  aug¬ 
mentation  of  the  gravity  of  the  other,  confpire  together  in 
railing  the  water  under  the  fun,  and  the  parts  oppoftte  to  it, 
above  its  height  in  the  lateral  parts ;  the  whole  force  that  pro¬ 
duces  this  effed  is  to  be  conftdered  as  triple  of  what  is  added 
to  the  gravity  of  the  lateral  parts  :  and  is  thence  found  to  be 
to  the  gravity  of  the  particles  as  i‘to  12868200,  and  to  the 
centrifugal  force  at  the  equator  as  1  to  44.527.  The  elevation 
of  the  waters,  by  this  force,  is  conftdered  by  our  author  as  an 
effed  fimilar  to  the  elevation  of  the  equatorial  parts  above  the 
polar  parts  of  the  earth,  ariftng  from  the  centrifugal  force  at  the 
equator;  and,  being  44527  times  lefs,  is  found  to  be  1  foot 
and  1  iL  inches,  Paris  meafure.  This  is  the  elevation  ariftng 
from  the  adion  of  the  fun  upon  the  water. 

In  order  to  find  the  force  of  the  moon  upon  the  water,  jie 
compares  the  fpring  tides  at  the  mouth  of  the  river  Avon  below’ 
Briftol  (which  are  the  effed  of  the  fum  of  the  forces  of  the  fun 
and  moon  when  their  adions  almoft  confpire  together,)  with 
the  neap  tides  there  (which  are  the  effed  of  the  difference  of 
thefe  forces  when  they  ad  almoft  againft  one  another,)  and 
finds  their  proportion  to  be  that  of  9  to  5  ;  from  which,'  after 
feveral  neceflary  corredions,  he  concludes  that  the  force  of  the 
moon  is  to  the  force  of  the  fun,  in  railing  the  waters  of  tile 
ocean,  as  4,4815  to  1  ;  fo  that  the  force  of  the  moon  is  able, 
of  itfelf,  to  produce  an  elevation  of  8  feet  and  y-5-  inches,  and 

*  Princip,  Lib.  Ill,  Prop.  36. 
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the  fun  and  moon  together  may  produce  an  elevation  of  about 
ip-  feet,  in  their  mean  diftances  from  the  earth,  and  an 
elevation  of  about  1 2  feet  when  the  moon  is  neared  the  earth* 
The  height  to  which  the  water  is  found  to  rife,  upon  the 
cpafts  of° the  open  and  deep  ocean,  is  agreeable  enough  to  this 

computation. 

V  ‘  «  , 

It  is  from  this  laft  calculation  that  he  is  able  to  make  an 
eftimate  of  the  denfity  and  quantity  of  matter  in  the  moon. 
Her  influence  on  the  tides  is  the  only  effeCt  of  the  moon’s  at¬ 
tracting  power  which  we  have  accefs  to  meafure,  and  it  enables 
us  to  ^eftimate  her  denfity  compared  with  that  of  the  fun, 
which  we  find  it  exceeds  in  the  proportion  of  4891  to  4000  ; 
and  fince  the  denfity  of  the  earth  is  to  that  of  the  fun  as  4000 
to  1000,  it  follows  that  the  moon  mull  be  more  denfe  than 
the  earth  in  the  proportion  of  4 8  9 1  to  4°°°>  or  of  n  to  9 
nearly.  The  proportion  of  the  diameter  of  the  earth  to  that 
of  the  moon  is  known,  from  aftronomical  obfervations,  to  be 
that  of  365  to  100  ;  and  from  thefe  two  proportions  iteafily 
follows,  that  the  quantity  of  matter  in  the  moon  is  to  the  matter 
in  the  earth  as  1  to  39,788  ;  and  the  centre  of  gravity  of  the 
earth  and  moon  mull  be,  therefore,  almoft  40  times  nearer 
So  the  earth  than  to  the  moon  ;  and,  the  fituation  of  their 
centre  of  gravity  being  known,  the  motions  in  their  fyflem  may 
be  determined  with  great  precifenefs. 

Our  author  enquires  into  the  figure  of  the  moon  :  and,  be- 
caufe  the  earth  contains  near  40  times  more  matter  than  tne 
moon,  the  elevation  produced  by  the  action  Oi  the  earth  in 
the  parts  of  the  moon  that  are  nearefl  to  it,  anu  in  the  parts 
oppofite  to  thefe,  would  be  near  40  times  greater  than  that 
which  the  moon  produces  in  our  feas,  if  this  elevation  was  no.. 
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to  be  diminifhed  in  proportion  as  the  femidiameter  of  the  moon 
is  lefs  than  the  femidiameter  of  the  earth,  that  is,  in  the  pro¬ 
portion  of  i oo  to  365.  By  compounding  thefe  proportions 
he  finds,  that  the  diameter  of  the  moon  that  paffes  through  the 
centre  of  the  earth,  muft  exceed  thofe  that  are  perpendicular  to 
it,  by  about  186  feet.  He  thinks  the  folid  parts  of  the  moon 
muft  have  been  formed  into  fuch  a  fpheroidal  figure,  having  its 
longeft  diameter  directed  towards  the  earth  ;  and  this  may  be 
the°reafon  why  the  moon  always  turns  the  fame  fide  towards 
the  earth.  If  there  were  great  feas  in  the  moon,  and  if  fhe 
revolved  on  her  axis  fo  as  to  turn  different  fides  towards  the 
earth,  there  would  have  been  very  great  tides  produced  in 
them,  fuch  as  would  exceed  our  tides  ten  times ;  but,  by  her 
keeping  one  fide  always  towards  the  earth,  there  are  no  tides 
produced  in  her  feas,  but  what  proceed  from  the  differences  of 
their  diftances  from  the  earth,  and  from  the  moon’s  librations  ; 
for  the  adtion  of  the  fun  can  Have  very  little  effedt  upon  them. 


CHAP.  VIII. 

Of  the  comets. 

,  j  j  jtherto  we  have  treated  of  the  planets  :  but,  befidefr 
r~|  thefe,  we  find  in  the  expanfe  of  heaven  many  other 
bodies  belonging  to  the  fyftem  of  the  fun,  that  feem  to  have 
much  more  irregular  motions.  Thefe  are  the  comets,  which, 
"defending  from  the  far  diftant  parts  of  the  fyftem  with  great 
rapidity,  furprize  us  with  the  fingular  appearance  of  a  train, 
or  tail,  which  accompanies  them  ;  become  vifible  to  us  in  the 
lower  parts  of  their  orbits,  and,  after  a  fhort  ftay,  are  carried 
off  again  to  vaft  diftances,  and  difappear.  Tho’  fome  of  the 

ancients  had  more  juft  notions  of  them,  yet  the  opinion  having 

i  prevailed 
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prevailed,  that  they  were  only  meteors  generated  in  the  air, 
like  to  thole  we  lee  in  it  every  night,  and  in  a  few  moments 
vanifhing,  no  care  was  taken  to  oblerve  or  record  their  phe¬ 
nomena,  accurately,  till  of  late.  Hence  this  part  of  aftronomy 
is  very  imperfect.  The  number  of  the  comets  is  far  from  being 
known  :  many  have  been  noted  by  hiflorians  formerly,  and 
not  a  few  of  late  oblerved  by  alfronomers  j  and  iome  have 
been  difcovered  accidentally  by  telefcopes,  palling  by  us,  that 
never  became  vifible  to  the  naked  eye  :  fo  that  we  may  con¬ 
clude  their  number  to  be  very  great.  Their  periods,  magni¬ 
tudes,  and  the  dimenfions  of  their  orbits,  are  alio  uncertain. 
Eiiio  is  a  part  of  Icience,  the  perfeftiGii  of  which  may  be  re¬ 
ft;  ved  for  fome  diftant  age,  when  thele  numerous  bodies,  and 
theii  van  01  bits,  by  long  and  accurate  oblervation,  may  be 
added  to  the  known  parts  of  the  folar  fyftem.  Aftronomy  will 
appear  as  a  new  Icience,  after  all  the  dilcoveries  we  now  boaft 
of.  but  then  it  will  be  remembred,  even  in  thole  flourifhing 
days  of  aftronomy,  that  it  was  Sir  Jfaac  Newton  who  dif¬ 
covered  and  demonftrated  the  principles  by  which  alone  fuch 
great  improvements  could  be  made  ;  and  that  he  begun  and 
carried  this  work  fo  far,  that  he  left  to  pofterity  little  more  to 
do,  but  to  obferve  the  heavens,  and  compute  after  his  models. 

Having  this  part  of  aftronomy  to  deduce  almoft  from  its 
••■elements,  he  begins  with  fhewing,  againft  the  fcholaftic  phi- 
iofophers,  that  the  comets  are  above  the  moon  ;  becaufe  they 
participate  of  the  apparent  diurnal  motion,  riling  and  letting 
daily,  as  all  things  that  are  not  appendent  to  the  earth  do,  and 
that  without  any  fenhble  diurnal  parallax.  But,  as  they  are 
all  afrecled  by  the  annual  motion  of  the  earth,  appearing,  like 
the  planets,  fometimes  dired,  fometimes  retrograde,  he  con¬ 
cludes  tnat,  when  they  become  vifible  to  us,  they  muft  be  in 
uie  regions  of  the  planets.  As  they  are  all  affeded  by  the 
;  B  b  b  motion 
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motion  of  the  earth,  and  it  is  inipoffible  to  bring  their  motions 
to  any  regularity  without  allowing  that  motion  ;  and  it,  alone, 
fuffices  for  explaining  the  irregularities  of  every  comet,  as  well 
as  of  every  planet ;  we  obtain  from  this  a  new  confirmation  of 
the  motion  of  the  earth,  and  find  all  the  parts  of  this  philo- 

fophy  perfectly  confident. 

Our  author  having  fhewed  that  the  comets  defcend  into  the 
planetary  regions  when  they  are  vifible  to  us,  againfl  the  opi¬ 
nion  of  DesCartes ,  he  proceeds  to  trace  them  in  their  courfes. 
It  follows,  from  the  general  law  of  gravity  already  cftabliflied, 
that  they  muft  move  either  in  parabolic ,  or  veiy  excentic  el¬ 
liptical ,  orbits,  that  have  one  focus  in  the  centre  of  the  fun. 
He  then  enquires,  with  his  ufual  fkih  and  a  gieat  deal  of 
labour,  how  a  motion  in  a  parabola  may  agree  with  the  obfer- 
vations  that  have  been  made  upon  the  comets  ;  and,  for  this 
end,  fhews  how,  from  three  obfervations,  the  parabolic  tra¬ 
jectory  which  a  comet  defcribes  may  be  determined  .  and, 
from  feveral  examples  which  he  has  given,  there  appears  fo 
perfeCl  a  harmony  between  his  theory  and  the  obfervations,  as 
adds  a  new  evidence  to  it,  and  fhews  its  ufe  in  carrying  on  the 
knowledge  of  our  fyftem. 

He  infifts  particularly  on  the  celebrated  comet  that  appeared 
near  the  end  of  the  year  1680,  and  in  the  beginning  of  1681. 
He  determines  its  trajectory,  or  curve,  from  three  obfervations 
made  by  Mr.  Flamfteed  ;  and  then  compares  all  the  obfer¬ 
vations,  that  were  made  by  himfelf  or  others,  with  the  mo¬ 
tion  of  a  body  in  that  curve,  and  finds  the  differences  betwixt 
the  obierved  places  of  this  cornet  and  thofe  computed  for  it  in 
the  curve,  for  the  fame  time,  to  be  very  fniall.  It  was  the 
fame  comet  that  was  feen  in  November  1680,  and  m  Decern- 

ier^  'January*)  February  and  March  following,  tho  they  had 
J  '  been 
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been  generally  efteemed  two  different  comets. .  In  November  it 
was  defcending  towards  the  fun  ;  it  palled  very  near  the  fun  on 
the  1 2th  day-of  December  \  where,  having  been  heated  to  a 
prodigious  degree,  tho’  the  light  of  the  head  or  nucleus  was 
duller,  yet,  while  it  afcended  in  the  other  half  of  its  orbit, 
its  tail  was  vaftly  greater  than  before,  extending  fometimes 
in  length,  and  continuing  vifible  even  after  the  head  or  nucleus 
was  carried  out  of  fight. 

Dr.  Halley ^  to  whom  every  part  of  aftronomy,  but  this  in 
a  particular  manner,  is  highly  indebted,  has  joined  his  labours 
to  our  author’s  on  this  fubjed ;  nor  is  it  neceflary  for  us  to  fe- 
parate  them.  Finding  three  obfervations  of  comets  recorded 
in  hiftory,  agreeing  with  this  in  remarkable  circumflances,  and 
returning  at  the  diftance  of  575  years  from  each  other,  he  fuf- 
peded  that  thefe  might  be  one  and  the  fame  comet,  revolving 
in  that  period  about  the  fun.  He  therefore  fuppofed  the  para¬ 
bola  to  be  changed  into  fuch  an  excentric  ellipfe  as  the  comet 
might  defcribe  in  575  years,  and  as  fhould  nearly  coincide  with 
the  parabola  in  its  lowed  part  ;  and,  having  computed  the 
places  of  the  comet  in  this  elliptic  orbit,  he  found  them  to 
agree  fo  well  with  thofe  in  which  the  comet  was  obferved  to 
pafs,  that  the  variations  did  not  exceed  the  differences  which 
are  found  betwixt  the  computed  and  the  obferved  places  of  the 
planets,  whofe  motions  had  been  the  fubjed  of  agronomical 
calculation  for  fome  thoufand  years.  This  comet  may,  there¬ 
fore,  be  expeded  again  after  finifhing  the  fame  period,  about 
the  year  2255.  If  it  then  return,  it  will  give  a  new  luftre  and 
evidence  to  Sir  Ifaac  Newtons  philofophy,  in  that  diftant 
age.  And  fhould  the  inconftancy  of  human  affairs,  and  the  per¬ 
petual  revolutions  to  which  they  are  fubjed,  occafion  any  ner 
gled  of  our  philofophy  in  the  intervening  ages  ;  this  comet 
will  revive  it,  and  fill  every  mouth  again  with  this  great  man’. 

B  b  b  2  name 
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name.  Nor  need  this  be  efteemed  a  vain  prediction  ;  for  we 
cannot  but  fuppofe  that  the  attention  of  the  aftronomers  of 
thofe  days,  to  this  comet  muft  be  raifed  to  a  great  pitch,  becaufe 
in  one  part  of  its  orbit  it  approaches  very  near  to  the  orbit  of 
our  earth  ;  fo  that,  in  fome  revolutions,  it  may  approach  near 
enough  to’have  very  confiderable,  if  not  fatal,  eft'eas  upon  it. 
Nor  is  it  to  be  doubted  but  that,  while  fo  many  comets  pafs 
among  the  orbits  of  the  planets,  and  carry  fuch  immenfe  tails 
along  with. them,  we  Ihould  have  been  called, _  by  very  extra¬ 
ordinary  confequences,  to  attend  to  thele  bodies  long  ago,  ii 
the  motions  in  the  univerle  had  not  been  at  firfl  deiigned,  and 
produced,  by  a  Being  of  fufficient  /kill  to  forefee  their  moll 
diftant  confequences.  Our  earth  was  out  of  the  way  when 
this  comet  laft  paffed  near  her  orbit  ;  but  it  requires  a  perfect 
knowledge  of  the  motion  of  the  comet,  to  be  able  to  judge 
if  it  wilfalways  pafs  by  us  with  fo  little  effed.  We  may^here 
obferve,  that  thefe  great  periods,  and  diftant  depending  obferva- 
tions,  promife  this  good  effeft,  that  they  muft  contribute  to 
preferve  the  relilh  for  learning  from  the  revolutions  it  has  been 
formerly  fubject  to.  By  them,  diftant  ages  are  conneded  to¬ 
gether,  and  perpetual  matter  for  reviving  the  curioftty  of  men 
is  provided,  from  time  to  time. 

But  we  are  not  to  wait  for  the  return  of  this  aidant  comet  to 
have  our  author’s  theory  verified,  and  to  fee  predictions  of  this 
kind  begin  to  take  place.  By  comparing  together  the  orbits  of 
the  comets  that  appeared  in  1607  and  1682,  they  are  found  fo 
coincident,  that  we  cannot  but  fuppofe  them  to  be  one  and  the 
fame  comet,  revolving  in  75  years  about  the  fun.  If  this  comet, 
according  to  this  period,  return  in  1758,  adronomy  will  then 
have  fometbing  new  to  boaft  of.  It  feems  to  be  of  thofe  that  rife 
to  the  lead  height  from  the  fun,  its  greated  didance  being  only 
35  times  greater  than  the  didance  of  the  earth  from  the  fun  ; 
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fo  that,  at  the  fartheft,  it  does  not  run  out  four  times  farther 
from  us  than  Saturn .  It  will  probably  be  the  firft  that  will 
be  added  to  the  number  of  the  revolving  planets,  and  eftablilh 
this  part  of  our  author’s  theory. 

Belides  thefe  comets  we  have  mentioned,  our  author  has 
confidered  the  motions  of  feveral  others,  and  finds  his  theory 
always  confonant  with  obfervation.  He  particularly  computes 
the  places  of  a  remarkable  comet  that  appeared  in  1664  and 
1665.  It  moved  over  20°  in  one  day,  and  defcribed  almoft  fix 
figns  in  the  heavens  before  it  difappeared  ;  its  courfe  deviated 
from  a  great  circle,  towards  the  north,  and  its  motion,  that 
had  been  before  retrograde,  became  direct  towards  the  end : 
and,  notwithftanding  fo  unufual  a  courfe,  its  places,  computed 
from  our  author’s  theory,  agree  with  the  obferved  places,  as  well 
as  thole  of  the  planets  agree  with  their  theory. 

The  phenomena  of  all  the  comets,  but  efpecially  of  the 
comet  of  1680,  fliew  them  to  be  folid,  fixed  and  durable 
bodies.  This  comet  was,  in  its  perihelium,  1 66  times  nearer 
to  the  fun  than  our  earth  is :  and,  from  this,  our  author  com¬ 
putes  that  it  muft  have  conceived  a  heat  2000  times  greater 
than  that  of  iron  almoft  going  into  fufion,  and  that,  if  it  was 
equal  to  our  earth,  and  cooled  in  the  fame  manner  as  ter- 
reftrial  bodies,  it  would  take  50,000  years  to  cool  :  to  bear 
fo  prodigious  a  heat,  it  muft  furely  be  a  very  folid  and  fixed 

body. 

There  is  a  phenomenon  that  attends  each  comet,  and  is  pe¬ 
culiar  to  them,  called  its  tail :  fome  have  imputed  this  ap¬ 
pearance  to  the  refra&ion  of  the  fun-beams,  paging  through 
the  nucleus  or  head,  which  they  fuppofed  to  be  tranfparent  : 
others,  to  the  refra&ion  of  the  beams  refle&ed  from  the  .he^id, 

a.  as 
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as  they  pafs  through  the  intermediate  {paces  to  us.  Our  author 
refutes  both  thefe  opinions,  and  fhews  that  the  tail  confifts  of  a 
vapour  ariftng  continually  from  the  body  of  the  comet,  towards 
thofe  parts  that  are  oppofite  to  the  fun,  for  a  like  reafon  that 
vapour  or  fmoke  rifes  in  the  atmofphere  of  the  earth.  Becaufe 
6'f  the  motion  of  the  body  of  the  comet,  the  tail  is  bent  a 
little  towards  thofe  parts  which  the  comet  leaves  in  its  motion. 
Thefe  tails  are  found  greateft  after  it  has  palled  its  perihelium, 
or  leaft  diftance  from  the  fun,  where  its  heat  is  greateft,  and 
the  atmofphere  of  the  fun  is  moft  denfe.  The  head  appears, 
after  this,  obfcured  by  the  thick  vapour  that  rifes  plentifully 
from  it.  The  tail  of  the  comet  of  1680  was  of  a  prodigious 
fize  :  it  was  extended  from  the  head  to  a  diftance  fcarcely  in¬ 
ferior  to  the  vaft  diftance  of  the  fun  from  the  earth.  As  the 
matter  of  the  tail  participates  of  the  motion  of  the  comet,  it 
is  thereby  carried  along  with  the  comet  in  its  motion,  and 
fome  part  of  it  returns  again  with  it :  and  as  the  matter  in  the 
tail  rifes,  it  becomes  more  and  more  rarified  ;  as  appears  from 
the  tail’s  increafing  in  breadth  upwards.  By  this  rarefadtion  a . 
great  part  of  the  tail  muft  be  dilated  and  diffufed  over  the 
fyftem  \  fome  of  this,  by  its  gravity,  may  fall  towards  the  pla¬ 
nets,  mix  with  their  atmofpheres,  and  fupply  the  fluids,  which,, 
in  natural  operations,  are  confumed  ;  and  may,  perhaps, 
fupply  that  fubtile  fpirit  in  our  air,  which  is  neceflary  for  the 
life  of  animals,-  and  for  other  natural  operations. 

We  are  not  to  expedf  that  the  motions  of  the  comets  can  be 
fo  exadt,  and  the  periods  of  their  revolutions  fo  equal,  as  thofe 
of  the  planets ;  conlidering  their  great  number,  and  their  great- 
diftance  from  the  fun  in  their  aphelia,  where  their  adtions  upon, 
each  other  muft  have  fome  effedt  to  difturb  their  motions.  The 
reliftance  which  they  meet  with  in  the  atmofphere  of  the  fun, 
when  they  defcend  into  the  lower  parts  of  their  orbits,  will 

1  alfo 


Chap.  8.  PHILOSOPHICAL  DISCOVERIES.  375 

ajfo  affedt  them.  By  the  retardation  of  their  motion  in  thefe 
lower  parts,  their  gravity  will  bt  enabled  to  bring  them  nearer 
the  fun  in  every  revolution,  til!  at  length  they  fall  into  him, 
and  fupply  fewel  to  that  immenfe  body  of  Ere.  The  comet 
of  1680  paffed  at  a  diftance  from  the  furface  of  the  fun,  no 
greater  than  the  6th  part  of  his  diameter  ;  it  will  approach 
Hill  nearer  in  the  next  revolution,  and  fall  into  his  body  at 
length.  The  fixed  Ears  may  receive  fupplies,  in  the  fame 
manner,  by  comets  falling  into  them ;  and  fome  of  them,  whofe 
light  and  heat  are  almoE  exhauEed,  may  receive  new  fewel  in 
this  way.  Of  this  kind  thofe  Ears  feem  to  be,  which  have 
been  obferved  to  break  out  at  once  with  great  iplendor,  and  to 
vanifh  gradually  afterwards.  Such  was  the  Ear  in  Cajfwpeiay 
that  was  not  viEble  on  the  8  th  of  November  1 5  7  2>  but  ^b°ne  the 
following  night  with  a  brightnefs  almoE  equal  to  that  of  the 
planet  Kenusy  and  decreafed  continually  afterwards,  till  in  1 6 
months  time  it  vanifhed.  Another  of  the  fame  kind  appeared 
to  Keplers  fcholars  in  the  right  foot  of  Serpentarius ,  on  the 
30th  of  September  1604,  brighter  than  Jupiter ,  tho’  it  was  not 
viEble  the  preceding  night ;  which  alfo  decreafed  gradually, 
and  vanifhed  in  fifteen  or  fixteen  months.  By  fuch  a  new  Ear 
appearing  with  an  extraordinary  brightnefs  in  the  heavens, 
Hipparchus  is  faid  to  have  been  induced  to  make  his  catalogue 
of  the  fixed  Ears.  But  thofe  Ears  which  appear  and  difappear, 
gradually  increafing  and  decreafing  by  turns,  feem  to  be  of  a 
different  kind  y  and  to  have  a  luminous  and  an  obfcure  fide, 
which,  by  their  rotation  on  their  axis,  they  turn  towards  us 

alternately. 

The  argument  againR  the  eternity  of  the  univerfe,  drawn 
from  the  decay  of  the  fun,  ftill  fubfiEs  ;  and  even  acquires  a 
new  force  from  this  theory  of  the  comets  :  fince  the  fupply 

which  they  afford  muE  have  been  long  ago  exhauEed,  if  the 
.  world 
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world  had  exifted  from  eternity.  The  matter  in  the  comets 
themfelves,  that  fupplies  the  vapour  which  rifes  from  them  in 
every  revolution  to  the  perihelium;  and  forms  their  tails,  muft 
alfo  have  been  exhaufted  long  ere  now.  In  general,  all  quan¬ 
tities  that  muft  be  fuppofed  to  decreafe  or  increafe  continually, 
are  repugnant  to  the  eternity  of  the  w'orld  ;  fince  the  ftrft  had 
been  exhaufted,  and  the  laft  had  grown  into  an  infinite  mag¬ 
nitude,  at  this  time,  if  the  world  had  been  from  eternity  :  and 
of  both  kinds  there  feem  to  be  feveral  forts  of  quantities  in  the 
univerfe. 

» 

The  defcent  of  the  comets  into  the  planetary  regions  fhews 
that  the  folid  orbs,  in  which  the  planets  were  fuppofed,  by  the 
fchoolmen,  to  move,  are  imaginary.  And  the  regularity  of  their 
motions,  while  they  are  carried  in  very  excentric  orbs,  in  all 
directions,  into  all  parts  of  the  heavens,  confpire  with  many 
other  arguments  to  overthrow  th zCartefnm  vortices. 

Sir  Ifaac  Newton  further  obferves,  that  while  the  comets 
move  in  all  parts  of  the  heavens,  with  different  directions,  and 
in  very  excentric  orbits,  whofe  planes  are  inclined  to  one  an¬ 
other  in  large  angles  ;  it  cannot  be  attributed  to  blind  fate  that 
the. planets  move  round  the  fun,  and  the  fatellites  round  their 
refpeCtive  primaries,  all  with  one  direction,,  in  orbits  nearly  cir¬ 
cular,  and  almoft  in  the  fame  plane.  The  comets,  by  moving 
in  very  excentric  orbits,  defcend  with  a  vaft  velocity,  and  are 
carried  quickly  thro’  the  planetary  regions,  where  they  ap¬ 
proach  the  nearcft  to  each  other,  and  to  the  planets,  fo  as  to  have 
as  little  time  as  poffible  to  difturb  their  own  motions,  or  thofe  of 
the  planets.  By  their  moving  in  very  different  planes,  they 
are  carried  to  a  vaft  diftance  from  each  other  in  the  higheft  parts 
of  their  orbits,  or  aphelia  ;  where,  becaufe  of  the  flownefs  of 

■their 
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their  motions,  and  the  weakneis  of  the  fun’s  adion  at  fo  great 
diftances,  their  mutual  adions,  but  for  this  precaution,  would 
produce  the  greateft  diforders.  Thus  we  always  find,  that  what 
has,  at  firft  fight,  the  appearance  of  irregularity  and  confufioa 
in  nature,  is  difcovered,  on  further  enquiry,  to  be  the  belt 
contrivance  and  the  moft  wife  condud. 

Sir  Ifaae  Newton  proceeds  to  make  fome  refledions  on  the 
nature  of  the  fupreme  canfe,  and  infers,  from  the  ftrudure  of 
the  vifible  world,  that  it  is  governed  by  One  Almighty s  and 
All-wife  Being ,  who  rules  the  world,  not  as  its  Soul  but  as  its 
Lord ,  exercifing  an  abfolute  fovereignty  over  the  univerfe,  not 
as  over  his  own  body  but  as  over  his  work  ;  and  ading  in  it  ac¬ 
cording  to  his  pleafure,  without  fuffering  any  thing  from  it. 
What  he  has  delivered  concerning  the  Deity  will  be  further  ex¬ 
plained  in  the  next  chapter. 

GHAP.  IX. 

* 

* 

Of  the  Supreme  Author  and  Governor  of  the  tmiverfe ,  the  True 

and  Living  God. 

1.  ARiflotle  concludes  his  treatife  de  mu?ido ,  with  obferving, 
A  A  tha.t  u  to  treat  of  the  world  without  faying  any  thing 
of  its  Author  would  be  impious as  there  is  nothing  we  meet 
with  more  frequently  and  conftantly  in  nature,  than  the  traces 
of  an  All-governing  Deity.  And  the  philofopher  who  over¬ 
looks  thefe,  contenting  himfelf  with  the  appearances  of  the 
material  univerfe  only,  and  the  mechanical  lawrs  oi  motion, 
negleds  what  is  moft  excellent  ;  and  prefers  what  is  imperfed 
to  what  is  fupremely  perfed,  finitude  to  infinity,  what  is  nar¬ 
row  and  weak  to  what  is  unlimited  and  almighty,  and  what  is 
perifhing  to  what  endures  for  ever.  Such  who  attend  not  to 
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lo  manifeft  indications  of  fupreme  vvifdom  and  goodnefs,  per- 
petually  appearing  before  them  wherever  they  turn-  their  views  or 
enquiries,  too  much  refemble  thofe  antient  philofophers  who 
made  night,  matter,  and  chaos,  the  original  of  all  things. 

2.  As  we  have  neither  ideas  nor  words  fufficient  to  deferibe 
the  firft  caufe,  fo  Ariftotle ,  in  the  conclulion  of  the  above  men¬ 
tioned  treatife,  is  obliged  to  content  himfelf  with  comparing 
him  with  what  is  chief  and  moft  excellent,  in  every  kind  *. 
Thus  we  fay  he  is  the  king  or  lord  of  all  things,  the  parent 
of  all  his  creatures,  the  foul  of  the  world,  or  great  fpirit  that 
animates  the  whole.  Such  expreflions,  tho’  well  meant  at 
firft,  were  fometimes  abufed  afterwards  ;  particularly,  that  of 
his  being  the  anima  mundi ,  which  was  apt  to  reprefen t  him 
not  only  as  the  active  and  felf-moving  principle,  but  likewife 
as  paflive  and  buffering  from  the  actions  and  motions  of  bodies. 
The  abftrufe  nature  of  the  fubject  gave  occalion  to  the  later 
Platonijls ,  particularly  to  Plotinus ,  to  introduce  the  moft  myf- 
tical  and  unintelligible  notions  concerning  the  Deity  and  the 
worfhip  we  owe  to  him  •  as  when  he  tells  us  that  intellect  or 
underftanding  is  not  to  be  afcribed  to  the  Deity,  and  that  our 
moft  perfect  worfhip  of  him  eonfifts,  not  in  acts  of  veneration, 
reverence,  gratitude  or  love  •  but  in  a  certain  myfterious  fell- 
annihilation,  or  total  extinction  of  all  our  faculties.  Thele 
doctrines,  however  abfurd,  have  had  followers,  who,  in  this  as 
in  other  cafes,  by  aiming  too  high,  far  beyond  their  reach, 
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overftrain  their  faculties,  and  fall  into  folly  or  madnefs ;  con-.- 
tributing,  as  much  as  lies  in  them,  to  bring  true  piety  and  de¬ 
votion  into  contempt. 

3.  Neither  are  they  to  be  commended,  who,  under  the  pre¬ 
tence  of  magnifying  the  effential  power  of  the  fupreme  cauie, 
make  truth  and  falffiood  entirely  to  depend  on  his  will ;  as  we 
obferved  of  Des  Cartes ,  Book  I.  Chap.  4.  Such  tenets  have 
a  direct  tendency  to  introduce  the  abfurd  opinion,  that  intel¬ 
lectual  faculties  may  be  fo  made,  as  clearly  and  diftinCtly  to 
perceive  that  to  be  true,  which  is  really  falfe.  They  judge 
much  better,  who,  without  fcruple,  meafure  the  divine  omni¬ 
potence  itfelf,  and  the  poffibility  of  things,  by  their  own  clear 
ideas  concerning  them  ;  affirming  that  God  himfelr  cannot 
make  contradictions  to  be  true  at  the  fame  time ;  and  reprefent 
the  certain  part  of  our  knowledge,  in  fome  degree,  as  the  know¬ 
ledge  and  wifdom  of  the  Deity  imparted  to  us,  in  the  views  cf 
nature  which  he  has  laid  before  us. 

4.  The  fublimity  of  the  fubjeCt  is  apt  to  exalt  and  tranfport 
the  minds'of  men,  beyond  what  their  faculties  can  always  bear : 
therefore,  to  fupport  them,  allegorical  and  enigmatical  repre- 
fentations  have  been  invented,  which  in  procefs  of  time  have 
produced  the  greateft  abufes.  When  metaphorical  figures  and 
names  came  to  be  confidered  as  realities,  in  place  of  the  true 
God,  falfe  deities  were  fubftituted  without  number,  and,  under 
the  pretence  of  devotion,  a  worffiip  was  paid  to  the  mod  de~ 
tellable  characters,  that  tended  to  extinguilh  the  notions  of  true 
worth  and  virtue  amongft  men. 

5.  As  there  are  no  enquiries  of  a  more  arduous  nature  than 
thofe  that  relate  to  the  Deity,  or  of  near  fo  great  importance  • 
to  intellectual  beings,  that  difcern  betwixt  truth  and  falfehood, 
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betwixt  right  and  wrong  ;  fo  it  is  manifeft,  that  there  are  none 
in  which  the  utmoft  caution  and  fobernefs  of  thought  is  more 
requifite.  Hence  it  is  a  very  unpleafant  profpedt  to  obferve  with 
how  great  freedom,  or  rather  iicentioufnefs,  philofophers  have 
advanced  their  rath  and  crude  notions  concerning  his  nature 
and  eflcnce,  his  liberty  and  other  attributes.  What  freedoms 
were  taken  by  Des  Cartes  in  defcribing  the  formation  of  the 
univerfe  without  his  interpofition,  and  in  pretending  to  de¬ 
duce  from  his  attributes  confequences  that  are  now  known  to  be 
falfe,  we  explained  in  the  firft  book,  almoft  in  his  own  words. 
A  manner  of  proceeding  fo  unjuftifiable,  in  fo  ferious  and  im¬ 
portant  a  fubjedt,  ought,  one  would  think,  to  have  difgufted 
the  fober  and  wife  part  of  mankind.  Spinoza ,  while  he  carried 
the  dodtrine  of  abfolute  neceffity  to  the  mod  monflrous  height, 
and  furpaffed  all  others  in  the  weaknefs  of  his  proofs  as  well  as 
the  impiety  of  his  dodtrines,  yet  affedts  to  fpeak,  on  feveral  oc- 
cafions,  in  the  higheft  terms  of  veneration  for  the  Deity.  Mr. 
Leibnitz  and  many  of  his  difciples  have  like  wife  maintained  the 
fame  dodtrine  of  abfolute  neceffity,  extending  it  to  the  Deity 
himfelf,  of  whom  our  ideas  are  fo  inadequate,  and#  whom  it 
fo  much  concerns  us  not  to  mifreprefent.  But  Sir  Ifaac 
Newton  was  eminently  diftinguifhed  for  iiis  caution  and  eircum- 
fpedlion,  in  fpeaking  or  treating  of  this  fubjedl,  in  difcourfe 
as  well  as  in  his  writings  ;  tho’  he  has  not  efcaped  the '  re¬ 
proaches  of  his  adverfaries  even  in  this^  refpedh  As  the  Deity 
is  the  fupreme  and  firft  caufe,  from  whom  all  other  caufes  de¬ 
rive  their  whole  force  and  energy,  fo  he  thought  it  moft  unac¬ 
countable  to  exclude  Him  only  out  of  the  univerfe.  It  ap¬ 
peared  to  him  much  more  juft  and  reafonable,  to  fuppofe  that 
the  whole  chain  of  caufes,  or  the  feveral  Jerks  of  them, 
fhould  centre  in  him  as  their  fource  and  fountain  ;  and  the 
whole  fyftem  appear  depending  upon  him  the  only  independent 
caufe.  a 
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6.  The  plain  argument  for  the  exigence  of  the  Deity,  ob¬ 
vious  to  all  and  carrying  irrefiftible  conviction  with  it,  is  from 
the  evident  contrivance  and  fitnefs  of  things  for  one  another, 
which  we  meet  with  throughout  all  parts  of  the  univerfe. 
There  is  no  need  of  nice  or  fubtle  reafonings  in  this  matter  : 
a  manifeft  contrivance  immediately  fuggefls  a  contriver.  It 
ftrikes  us  like  a  fenfation  ;  and  artful  reafonings  againft  it  may 
puzzle  us,  but  it  is  without  fhaking  our  belief.  No  perfon, 
for  example,  that  knows  the  principles  of  optics  and  the  ftruc- 
ture  of  the  eye,  can  believe  that  it  was  formed  without  fkill  in 
that  fcience  ;  or  that  the  ear  was  formed  without  the  knowledge 
of  founds  ;  or  that  the  male  and  female  in  animals  were  not 
formed  for  each  other,  and  for  continuing  the  fpecies.  All 
our  accounts  of  nature  are  full  ofinftances  of  this  kind.  T  he 
admirable  and  beautiful  ftrucfture  of  things  for  final  caufes, 
exalt  our  idea  of  the  Contriver :  the  unity  of  defign  fhew7s  him 
to  be  One.  The  great  motions  in  the  fyftem,  performed  with 
the  fame  facility  as  the  leaf!:,  fuggeft  his  Almighty  Power , 
which  gave  motion  to  the  earth  and  the  celeftial  bodies,  with 
equal  eafe  as  to  the  minuteft  particles.  The  fubtility  of  the 
motions  and  a&ions  in  the  internal  parts  of  bodies,  fhews  that 
his  influence  penetrates  the  inmoft  recefles  of  things,  and  that 
He  is  equally  a8Uve  and  prefent  every  where.  The  fimplicity 
of  the  laws  that  prevail  in  the  world,  the  excellent  difpofition 
of  things,  in  order  to  obtain  the  beft  ends,  and  the  beauty 
which  adorns  the  wTorks  of  nature,  far  fuperior  to  any  thing  in 
art,  fuggeft  his  confummate  Wifdom .  The  ufefulnefs  of  the 
whole  fcheme,  fo  well  contrived  for  the  intelligent  beings  that 
enjoy  it,  with  the  internal  difpofition  and  moral  ftru&ure  of 
thofe  beings  themfelves,  fhew  his  unbounded  Gocdnejs .  Thefe 
are  the  arguments  which  are  fufliciently  open  to  the  views  and 
capacities  of  the  unlearned,  while  at  the  fame  time  they  acquire 
new  ftrength  and  luftre  from  the  difcoreries  of  the  learned. 
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The  Deity’s  aCting  and  interpofing  in  the  univerfe,  {hew  that 
he  governs  it  as  well  as  formed  it,  and  the  depth  of  his  coun- 
fels,  even  in  conducing  the  material  univerfe,  of  which  a  great 
part  furpafies  our  knowledge,  keep  up  an  inward  veneration 
and  awe  of  this  great  Being,  and  difpofe  us  to  receive  what 
may  be  other  wife  revealed  to  us^  concerning  him.  It  has  been 
juftly  obferved,  that  fome  of  the  laws  of  nature,  now  known 
to  us,  muft  have  efcaped  us  if  we  had  wanted  the  fenfe  of 
feeing.  It  may  be  in  his  power  to  bellow  upon  us  other  fenfes 
of  which  we  have  at  prefent  no  idea  ;  without  which  it  may 
be  impoffible  for  us  to  know  all  his  works,  or  to  have  more 
adequate  ideas  of  himfelf.  In  our  prefent  ftate,  we  know 
enough  to  be  fatisfied  of  our  dependency  upon  him,  and  of 
the  duty  we  owe  to  him  the  lord  and  difpofer  of  all  things.  He 
is  not  the  objeCt  of  fenfe  ;  his  efience,  and  indeed  that  of  all 
other  fubftances,  is  beyond  the  reach  of  all  our  difcoveries  ; 
but  his  attributes  clearly  appear  in  his  admirable  works.  We 
know  that  the  higheft  conceptions  we  are  able  to  form  of  them 
are  ftill  beneath  his  real  perfections ;  but  his  power  and  domi¬ 
nion  over  us,  and  our  duty  towards  him,  are  manifeft. 

7 .  Sir  Ifaac  Newton  is  particularly  careful,  always  to  repre- 
fent  him  as  a  free  agent  ;  being  juftly  apprehenfive  of  the  dan¬ 
gerous  confequences  of  that  doCtrine  which  introduces  a  fatal 
or  abfolute  neceftity  prefid ing  over  all  things.  He  made  the 
world,  not  from  any  neceflity  determining  him,  but  when  he 
thought  fit :  matter  is  not  infinite  or  neceffary,  but  he  created 
as  much  of  it  as  he  thought  proper  :  he  placed  the  fyftems  oi 
the  fixed  ftars  at  various  diftances  from  each  other,  at  his  plea- 
fure  :  in  the  folar  fyflem,  he  formed  the  planets  of  fuch  a 
number,  and  difpofed  them  at  variousdiftances  from  the  fun, 
as  lie  pleifed  :  he  has  made  them  all  move  frm  weft  to  eaft, 
tho’  it  is  evident  from  the  motions  of  the  come  to  that  he  might 

i  have 


Chap.  9.  PHILOSOPHICAL  DISCOVERIES.  3S5 

have  made  them  move  from  eaft  to  weft.  In  thefe  and  other 
inftances,  we  plainly  perceive  the  veftiges  of  a  wife  agent,  but 
acting  freely  and  with  perfect  liberty. 

As  caution  was  a  diftinguifhing  part  of  Sir  Ifaac  Newtons 
character,  but  no  way  derogatory  from  his  penetration  and  the 
acutenefs  and  fublimity  of  his  genius  ;  fo  we‘  have  particular 
reafon  on  this  occafton  to  applaud  it,  and  to  own  that  his  phi- 
lofophy  has  proved  always  fubfervient  to  the  mod  valuable  pur- 
pofes,  without  ever  tending  to  hurt  them. 

.  8.  As  in  treating  of  this  unfathomable  lubjedt  we  are  at  a 
lofs  for  ideas  and  words,'  in  any  tolerable  degree,  adequate  to 
it,  and,  in  order  to  convey  our  notions  with  any  ftrength,  are 
obliged  to  have  recourfe  to  figurative  expreflions,  as  was  ob- 
ferved  already  ;  fo  it  is  hardly  poffible  for  the  mod  cautious  to 
make  ufe  of  fuch  as  may  not  be  liable  to  exceptions,  from  angry 
and  captious  men.  Sir  Ifaac  Newt  on ,  to  exprefs  his  idea  of 
the  divine  Omniprefence ,  had  faid  that  the  Deity  perceived  what¬ 
ever  palled  in  fpace  fully  and  intimately,  as  it  were  in  his  Sen- 
forium .  A  clamour  was  raifed  by  his  adverfaries,  as  if  he  meant 
that  fpace  was  to  the  deity  what  the  Senforhim  is  to  our  minds. 
But  whoever  confiders  this  expreflion  without  prejudice,  will 
allow  that  it  conveys  a  very  ftrong  idea  of  the  intimate  pre¬ 
fence  of  the  Deity  every  where,  and  of  his  perceiving  what¬ 
ever  happens  in  the  completeft  manner,  without  the  ufe  of  any 
intermediate  agents  or  inftruments,  and  that  Sir  Ifaac  made 
ufe  of  it  with  this  view  only  •  for  he  very  carefully  guards- 
gainft  our  imagining  that  external  objebfs  a<ft  upon  the  Deity, 
r  that  he  fuffers  any  paftion  or  reaction  from  them.  It  is; 
commonly  fuppofed  that  the  mind  is  intimately  confeious  of 
the  imprefiions  upon  the  fenforium,  and  that  it  is  immediately 
prefent  there,  and  there  only  •  and  as  we  mud  derive  our  ideas 
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of  th-  attributes  of  God  from  what  we  know  of  our  minds, 
or  of  tiiofe  of  others,  in  the  beft  manner  we  can,  by  leaving 
out  all  imperfection  and  limitation  ;  fo  it  was  hardly  poffible  to 
have  reprefented  to  us  the  divine  Omniprefence  and  Omnifcience 
in  a  ftronger  light,  than  by  this  comparifon.  But  the  fondnels 
of  philofophers  for  their  favourite  fyftems,  often  irritates  them 
ao-ainft  thofe,  who,  in  the  purfuit  of  truth,  innocently  overturn 
their  doctrines  ;  and  provokes  them  to  catch  at  any  occafion  of 

finding  fault. 

q  But  the  greateft  clamour  has  been  raifed  againft  Sir  Ifaac 
Newton,  by  thofe  who  have  imagined  that  he  reprefented  in¬ 
finite  [pace  as  an  attribute  of  the  Deity,  and  that  He  is  prefent 
in  all  parts  of  fpace  by  diffufion.  The  truth  is,  no  fuch  ex- 
preffions  appear  in  his  writings  :  he  always  thought  and  fpoke 
with  more  veneration  of  the  divinity  than  to  allow  himfelt 
fuch  liberties.  On  the  contrary,  he  tells  *  us  that  “  the  Deity 
endures  from  eternity  to  eternity,  and  is  prefent  from  infinity  to 
infinity  ;  but  that  he  is  not  eternity  or  infinity,  fpace  or  du¬ 
ration.  He  adds  indeed,  that  as  the  Deity  exifts  neceffanly, 
and  by  the  fame  neceffity  exifts  every  where  and  always,  he 
conftitutes  foace  and  duration  :  but  it  does  not  appear  that  this 
expreftion  can  give  any  juft  ground  of  complaint ;  for  it  is 
faying  no  more  than  that  fince  he  is  efientially  and  neceffanly 
prefent  in  all  parts  of  fpace  and  duration,  thefe  of  confequence, 
muft  alfo  neceffarily  exift. 


'  *  TDternus  eft  et  infinitus,  omnlpotens  et  omnilciens,  id  eft,  durat  ab  aiterno  in 
„,,rnum  et  adeft  ab  infinito  in  infinitum  :  omnia  regir,  et  omnia  cognofcit,  qua: 
fiunt  aut  fieri  poffunt.  Non  eft  teternitas  et  infimtas,  fed  teternuset  infinitus;  non 
eft  duratioet  fpatium,  fed  durat  et  adeft.  Durat  temper,  et  adeft  ubique  et  ex, f- 
undo  temper  et  ubique,  durationem  et  fpadum  conftitmt.  Neut.  Prmap.  Schohum 
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10.  This  idea  is  fo  far  from  giving  any  juft  ground  of  com¬ 
plaint,  that  it  accounts  for  the  neceflary  exiftence  of  fpace,  in 
•a  way  worthy  of  the  Deity,  and  fuggefts  the  noble  improve¬ 
ment  we  may  make  of  this  do&rine,  which  lies  fo  plain  and 
-open  before  us.  Sir  IJaac  Newton  is  fo  far  from  reprefenting 
the  Deity  as  prelent  in  ipace  by  diffufton  (as  fome  have  ad¬ 
vanced  very  unjuftly)  that  he  exprefly  tells  us  *  there  are  fuc- 
ceflive  parts  in  duration,  and  co-exiftent  parts  in  Ipace.  But 
that  neither  are  found  in  the  foul  or  principle  of  thought 
which  is  in  man  •  and  that  far  lefs  can  they  be  found  in  the 
divine  fubftance.  As  man  is  one  and  the  fame  in  all  the  pe¬ 
riods  of  his  life,  and  thro’  all  the  variety  of  fenfations  and 
paffions  to  which  he  is  fubjedt ;  much  more  muft  we  allow 
the  fupreme  Deity  to  be  one  and  the  fame  in  all  time,  and  in 
all  fpace,  free  from  change  and  external  influence.  He  adds, 
-that  the  Deity  is  prefent  every  where,  non  per  virtutem  folam 
fed  etiam  per  fubjlantiam ,  fed  modo  prorfus  incorporeo ,  modo 
nobis  ptnitus  ignoto .  It  is  plain,  therefore,  that  he  was  far 
from  meaning  that  the  Deity  was  prefent  every  where  by  the  dif¬ 
fufton  of  his  fubftance,  as  a  body  is  prefent  in  fpace  by  having 
its  parts  diffufed  in  it.  Nor  is  it  furprizing  that  we  fhould  be 
at  a  lofs  to  give  a  fatisfaclory  account  of  the  manner  of  God’s 
■omniprefence.  Our  kno  wledge  of  things  penetrates  not  into  their 
■fubftance  :  we  perceive  only  their  figure,  colour,  external  fur- 
face,  and  the  effects  they  have  upon  us,  but  no  fenfe,  or  a<ft  of 
refle&ion,  difcovers  to  us  their  fubftance  ;  and  much  lefs  is  the 
<divine  fubftance  known  to  us.  As  a  blind  man  knows  not 

*  Partes  dantur  fucceflivse  in  duratione,  coexiftentes  in  fpatio,  neutras  in  perfona 
hominis  feu  principio  ejus  cogitante  5  et  multo  minus  in  iubftantia  cogitante  Dei. 
Omnis  homo  quatenus  res  fentiens,  eft  unus  &  idem  homo  durante  vita  fua  in  omni¬ 
bus  &  fingulis  fenfuum  organis.  Deus  eft  unus  &  idem  Deus  Temper  &  ubique, 
ibid. 
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colours,  and  has  no  idea  of  the  fenfation  of  thofe  who  fee,  fo? 
we  have  no  notion  how  the  Deity  knows  and  ads. 

1 1 .  His  exiftence  and  his  attributes  are,  in  a  fenfible  and. 
fatisfadory  manner,  difplayed  to  us  in  his  works  ;  but  his  ef- 
fence  is  unfathomable.  From  our  exiftence,  and  that  of  other- 
contingent  beings  around  us,  we  conclude  that  there  is  a  firfi 
caufe ,  whofe  exiftence  muft:  be  neceflary,  and  independent  of 
any  other  being  ;  but  it  is  only  a  pofteriori  that  we  thus  infer 
the  neceffity  of  his  exiftence,  and  not  in  the  fame  manner  that 
we  deduce  the  neceffity  of  an  eternal  truth  in  geometry,  on 
the  property  of  a  figure  from  its  efl'ence  :  nor  is  it  even  with  , 
that  dired  felf-evidence  which  we  have  for  the  neceflary 
exiftence  of  fpace.  We  mention  this  only  to  do  juftice  to  Sir 
Ifaac  Newtons  notion,  when  he  fuggefts  that  the  neceflary 
exiftence  of  fpace  is  relative  to  the  neceflary  exiftence  of  the 
Deity.  Philofophers  have  had  always  dilputes  about  infinite, 
fpace  and  duration  ;  and  probably  their  contefts  on  thefe  fub- 
jeds  will  never  have  an  end  :  all  we  want  to  reprefent  is  only,y 
that  what  is  fo  briefly  and  modeftly  advanced,  by  this  great 
man  on  thofe  fubjeds,  is,  at  leaft,  as  rational  and  worthy  of 
the  Deity,  and  as  well  founded  in  true  philofophy,  as  any  of 
their  fchemes  ;  tho’  it  muft  be  expeded  that  the  beft  account; 
we  can  form  of  matters  of  fo  arduous  a  nature,  will  be  liable 
to  difficulties  and  objedions.  As  for  thofe  who  will  not  allow 
fpace  to  be  any  thing  real,  we  obferved  above  that  the  reality 
of  motion,  which  is  known  by  experience,  argues  the  reality 
of  abfolute  fpace ;  without  admitting  which,  we  fhould  have 
nothing  but  confufion  and  contradidions  in  natural  philofophy. 
Many  other  arguments,  particularly  thofe  drawn  from  the 
axiom,  non  entis  nulla  funt  attributa ,  for  the  reality  of  fpace, 
whofe  parts  are  fubjed  to  menfuration  and;  various  relations, , 
have  been  treated  of  largely  by  others. 
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12.  We  obferved  above,  that  as  the  Deity  is  the  fir  ft  and 
fupreme  caufe  of  all  things,  fo  it  is  moft  unaccountable  to  ex¬ 
clude  him  out  of  nature,  and  reprefen t  him  as  an  intelligentia 
ext rarnundana .  On  the  contrary,  it  is  moft  natural  to  fuppofe 
him  to  be  the  chief  mover  throughout  the  whole  univerfe,  and 
that  all  other  caufes  are  dependent  upon  him  ;  and  conformable 
to  this  is  the  relult  of  all  our  enquiries  into  nature  ;  where  we 
are  always  meeting  with  powers  that  furpafs  mere  mechanifm, 
or  the  effeds  of  matter  and  motion.  The  laws  of  nature  are 
conftant  and  regular,  and,  for  ought  we  know,  all  of  them 
may  be  refolved  into  one  general  and  extenfive  power  ;  but 
this  power  itfelf  derives  its  properties  and  efficacy,  not  from 
mechanifm,  but,  in  a  great  meafure,  from  the  immediate  in¬ 
fluences  of  the  firft  mover.  It  appears,  however,  not  to  have 
been  his  intention,  that  the  prefent  ftate  of  things  fhould 
continue  for  ever  without  alteration  ;  not  only  from  what  oafles 
in  .the  moral  world,  but  from  the  phenomena  of  the  material 
world  likewife  ;  as  it  is  evident  that  it  could  not  have  con¬ 
tinued  in  its  prefent  ftate  from  eternity. 

1 3  .  The  power  of  gravity,  by  which  the  celeftial  bodies  per- 
.fevere  in  their  revolutions,  penetrates  to  the  centres  of  the  fun 
and  planets  without  any  diminution  of  virtue,  and  is  extended 
to  immenfe  diftances,  decreafing  in  a  regular  courfe.  Its  adion 
is  proportional  to  the  quantity  of  folid  matter  in  bodies,  and  not 
to  their  furfaces,  as  is  ufual  in  mechanical  caufes  :  this  power, 
therefore,  feems  to  furpafs  mere  mechanifm.  But,  whatever 
we  fay  of  this  power,  it  could  not  pofilbly  have  produced,  at 
the  beginning,  the  regular  fituation  of  the  orbs  and  the  prefent 
difpofition  of  things.  Gravity  could  not  have  determined  the 
planets  to  move  from  weft  to  eaft  in  orbits  nearly  circular,  al- 
moft  in  the  fame  plane  ;  nor  could  this  power  have  projeded 
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the  comets  with  all  variety  of  diredions.  If  we  fuppofe  the 
matter  of  the  fyftem  to  be  accumulated  in  the  centre  by  its. 
gravity,  no  mechanical  principles,  with  the  affiftance  of  this 
power  of  gravity,  could  feparate  the  vaft  mafs  into  fuch  parts, 
ns  the  fun  and  planets,  and,  after  carrying  them  into  their  dif¬ 
ferent  diftances,  projed  them  in  their  feveral  directions ,  pre- 
fervinp  dill  the  equality  of  adion  and  readion,  or  the  date  of 
the  centre  of  gravity  of  the  fyftem.  Such  an  exquifite  ftruc- 
ture  of  things  could  only  arife  from  the  contrivance  and 
powerful  influences  of  an  intelligent,  free,  and  moft  potent 
agent.  The  fame  powers,  therefore,  which  at  prefent  govern 
them  aterial  univerfe,  and  condud  its  various  motions,  are  very 
different  from  thofe  which  were  neceffary  to  have  produced  it 
from  nothing,  or  to  have  difpofedit  in  the  admirable  form  mi 

which  it  now  proceeds. 


14.  As  we  cannot  but  conceive  the  univerfe,  as  depending 
on  the  firft  caufe  and  chief  mover,  whom  it  would  be  abfurd, 
not  to  fay  impious,  to  exclude  from  ading  in  it ;  fo  we  have 
fome  hints  of  the  manner  in  which  he  operates  in  nature, 
from  the  laws  which  we  find  eftablifhed  in  it.  Tho  he 
is  the  fource  of  all  efficacy,  yet  we  find  that  place  is  left 
for  fecond  caufes  to  ad  in  fubordination  to  him;  and;  me- - 
chanifm  has  its  ffiare  in  carrying  on  the  great  fcheme  of  nature*. 
The  eftabliffiing  the  equality  of  adion  and  readion,  even  in 
thole  powers  which  feem  to  furpafs  mechanifm,  and  to  be  more 
immediately  derived  from  him,  feems  to  be  an  indication  that 
thofe  powers,  while  they  derive  their  efficacy  from  him,  are 
however,  in  a  certain  degree,  circumfcribed  and  regulated  in  their 
operations  by  mechanical  principles  ;  and  that  they  are  not  to 
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be  confidered  as  mere  immediate  volitions  of  his  (as  they  are 
often  reprefented)  but  rather  as  inftruments  made  by  him,  to 
perform  the  purpofes  for  which  he  intended  them.  If,  for  ex¬ 
ample,  the  moft:  noble  phenomena  in  nature  be  produced  by 
a  rare  elaftic  cetherial  medium^  as  Sir  lfaac  Newton  conjectured, 
the  whole  efficacy  of  this  medium  muft  be  refolved  into  his 
power  and  will,  who  is  the  fupreme  caule.  This,  however, 
does  not  hinder,  but  that  the  lame  medium  may  be  fubjecft  to 
the  like  laws  as.  other  elaftic  fluids,  in  its  actions  and  vibra¬ 
tions;  and  that,, if  its  nature  was  better  known  to  us,  we  might 
make  curious  and  ufeful  difcoveries  concerning  its  effects,  from 
thofe  laws.  It  is  eafy  to  fee  that  this  conje&ure  no  way  dero¬ 
gates  from  the  government  and  influences  of  the  Deity  ;  while 
it  leaves  us  at  liberty  to  purfue  our  enquiries  concerning  the 
nature  and  operations  of  fuch  a  medium.  Whereas  they  who 
haftily  refolve  thofe  powers  into  immediate  volitions  of  the  fu- 
preme  caufe,  without  admitting  any  intermediate  inftruments, 
put  an  end  to  our  enquiries  at  once  ;  and  deprive  us  of  what 
is  probably  the  moft  fublime  part  of  philofophy,  by  reprefent- 
ing  it  as  imaginary  and  fi&itious  :  by  which  means,  as  we  ob~ 
ferved  above  *,  they  hurt  thofe  very  interefts  which  they  appear 
fo  fanguine  to  promote ;  for  the  higher  we  rife  in  the  fcale  of 
nature,  towards  the  fupreme  caufe,  the  views  we  have  from 
philofophy  appear  more  beautiful  and  exteniive.  Nor  is  there 
any  thing  extraordinary  in  what  is  here  reprefented  concerning 
the  manner  in  which  the  Supreme  Caufe  acfts  in  the  univerfe, 
by  employing  fubordinate  inftruments  and  agents,  which  are 
allowed1  to  have  their  proper  force  and  efficacy  ;  for  this  we 
know  is  the  cafe  in  the  common  courfe  of  nature  ;  where  we 
find  gravity,  attra&ion,  repulfion,  &c.  conftantly  combined  and 
compounded  with  the. principles  of  . mechanifm  :  and  we  fee  no  * 
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reafon  why  it  fhould  not  likewife  take  place  in  the  more  iub- 
tile  and  abftrufe  phenomena  and  motions  of  the  fyftcm. 

15.  It  has  been  demonftrated  by  ingenious  men,  that  great 
revolutions  have  happened  in  former  times  on  the  furface  of  the 
earth,  particularly  from  the  phenomena. of  the  Strata  ;  which 
fometimes  are  found  to  lie  in  a  very  regular  manner,  and  fome- 
times  to  be  broken  and  feparated  from  each  other  to  very  con- 
fiderable  diftances,  where  they  are  found  again  in  the  fame 
order  ;  from  the  impreffions  of  plants  left  upon  the  hardeft 
bodies  dug  deep  out  of  the  earth,  and  in  places  where  fucli 
plants  are  not  now  found  to  grow  ;  and  from  bones  of  animals 
both  of  the  land  and  fea,  difcovered  fome  hundreds  of  yards 
beneath  the  prefent  furface  of  the  earth,  and  at  very  great  dif¬ 
tances  from  the  fea.  Some  philofophers  explain  thefe  changes 
by  the  revolutions  of  comets,  or  other  natural  means but  as 
the  Deity  has  formed  the  univerfe  dependent  upon  himfelf,  fo 
as  to  require  to  be  altered  by  him,  tho’  at  very  diftant  periods 
of  time  ;  it  does  not  appear  to  be  a  very  important  queftion  to 
enquire  whether  thefe  great  changes  are  produced  by  the  inter¬ 
vention  of  inftruments,  or  by  the  fame  immediate  influences 
which  flrft  gave  things  their  form. 

16.  We  cannot  but  take  notice  of  one  thing,  that  appears 
to  have  been  deligned  by  the  author  of  nature  :  he  has  made 
it  impoflxble  for  us  to  have  any  communication  from  this  earth 
with  the  other  great  bodies  of  the  univerfe,  in  our  prefent 
date  ;  and  it  is  highly  probable,  that  he  has  likewife  cut  off 
all  communication  betwixt  the  other  planets,  and  betwixt  the 
different  fyftems.  We  are  able,  by  telefcopes,  to  difcover  very 
plainly  mountains,  precipices  and  cavities  in  the  moon  ;  but 
who  tread  thofe  precipices,  or  for  what  purpofes  thofe  great 
cavities  (many  of  which  have  a  little  elevadon  in  the  middle) 
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krve,  we  know  not;  and  are  at  a  loE  to  conceive  how  this 
planet,  without  any  atmofphere,,  vapours,  or  feas,  (as  is  now 
the  common  opinion  of  aflronomers)  can  ferve  for  Jike  pur- 
pofes  as  our  earth.  We  obferve  fudden  and  furprizing  revo¬ 
lutions  on  the  furface  of  the  great  planet  Jupiter,  which  would 
be  ratal  to  the  inhabitants  of  the  earth.  We  obferve,  in  them 
all,  enough  to  raife  our  curiofity,  but  not  to  fatisfy  it.  From 
hence,  as  well  as  from  the  hate,  of  the  moral  world,  and  manv 
other  conliderations,  we  are  induced  to  believe,  that  our  pre¬ 
fect  ftate  would  be  very  imperfedt  without  a  fubfequent  one  ; 
wnerein  our  views  of  nature,  and  of  its  great  author,  may  be  more 
clear  and  fatisfadory.  It  does  not  appear  to  be  fuitable  to  the 
wifdom  that,  fhines  throughout  all  nature,  to  fuppofe  that  we 
fhould  fee  fo  far,  and  have  our  curiofity  fo  much  raffed  con¬ 
cerning  the  works  of  God,  only,  to  be  difappointed  at  the  end. 
As  man  is  undoubtedly  the  chief  being  upon  this  globe,  and 
this  globe  may  be  no  lefs  conliderable,  in  the  mol  valuable 
refpeds,  than  any  other,  in  the  folar  fyftem,.  and  this  fyftem, 
for  ought  we  know,  not  inferior-  to  any  in  the  univerfal  fy- 
ftem  ;  fo,  if  we  fhould  fuppofe  man  to  perifh,  without  ever 
arriving  at  a.  more,  complete  knowledge  of  nature,  than  the  very 
imperfect-  one  he  attains  in  his  prefent  ftate  ;  by  analogy,  or 
parity  of  reafon,  we  might  conclude,  that  the  like  defires , 
would  be  fruftrated  in  the  inhabitants  of  all  the  other  planets 
and  fy items ;  and.  that  the  beautiful  fcheme  of  nature  would 
never  be  unfolded,  but  in  an  exceedingly  imperfect  manner,  to 
any  of  them...  Ill i s,  therefore,  naturally  leads  us  to  confider 
our  preient  ftate  as  only  the  dawn  or  Deginnmg  of  our  exi— 
ftence,  and  as  a  ftate  of  preparation-  or  probation  for  farther 
advancement :  which  appears  to  have  been  the  opinion  of  the 
moft  judicious  philofophers  of  old.  And  whoever  attentively 
confiders  the  conffitution  of  human  nature,  particularly  the 
defires,  and  paflions  of  men,  which  appear  greatly  fuperior  to  , 

their; 
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their  Prefent  objects,  will  eafily  be  perfuaded  that  man  was 
defined  for  higher  views  than  of  this  life.  Thefe  the  author  of 
nature  may  have  in  referee  to  be  opened  up  to  us,  at  proper 
periods  of  time,  and  after  due  preparation.  Surely  it  is  in  his 

power  to  grant  us  a  far  greater  improvement  of  the  faculties  we 

already  poffefs,  or  even  to  endow  us  with  new  faculties,  or 
which,  at  this  time,  we  have  no  idea,  for  penetrating  ai tier 
into  the  fcheme  of  nature,  and  approaching  nearer  to  himfelf, 
the  firft  and  fupreme  caufe.  We  know  not  how  far  it  was 
proper  or  neceffary  that  we  ihould  not  be  let  into  know- 
[ed"e  at  once,  but  fhould  advance  gradually,  that,  by  com¬ 
paring  new  objefis,  or  new  .difcoveries,  with  what  was  known 
to  us§before,  our  improvements  might  be  more  complete  an 
regular  ;  or  how  far  'it  may  be  neceffary  or  advantageous,  that 

intelligent  beings  fhould  pafs  through  a  kind  °f /nfa"7  ? 
knowledge.  For  new  knowledge  does  not  confift  fo  much  i 
our  having  accefs  to  a  new  objea,  as  in  comparing  it  with  o- 
thers  already  known,  obfereing  its  relations  to  them,  or  dd- 
cerning  what  it  has  in  common  with  them,  and  wherein  their 
difparity  confifts.  Thus  our  knowledge  is  vaffy  greater  than 
theP  fum  of  what  all  its  objeas  feparately  could  afford  ,  and 
when  a  new  objea  comes  within  our  reach,  the  addition  to 
our  knowledge  is  the  greater,  the  more  we  already  know  ,  fo 
that  it  increafes  not  as  the*  new  objeas  increafe,  but  .in  a  much 

higher  proportion.  *  * 
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